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Low income mothers can experience conditions of chronic situational stress due to 
financial pressure and the responsibilities of motherhood. In other populations, exposure to 
chronic stress has been associated with the development of the psychoneurological symptoms 
(fatigue, sleep disturbance, cognitive dysfunction, depressed mood, and chronic pain) which 
may lead to compromised function. In mothers with young children, compromised function 
can have negative effects on both herself and her developing child. The goal of this three-
paper dissertation was to describe the presence of the psychoneurological symptoms in a 
sample of low income mothers (Aim 1), investigate the association of those symptoms with 
stress and maternal and child outcomes (Aims 2 and 3), and consider possible minimally 
invasive methodologies to measure biomarkers of stress-related mechanisms in this 
population in future research (Aim 4). 
 Aims 1, 2, and 3 were conducted using data combined from two parent studies of the 
same population of low income mothers; the final sample was racially and ethnically diverse 
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and included 356 mothers and their young children. Aim 4, a scoping review, was conducted 
by searching databases for relevant literature. 
In Aim 1, our data revealed the presence of the psychoneurological symptoms in this 
sample. In Aim 2, our data supported the hypothesis that chronic situational stress was 
associated with levels of psychoneurological symptom. In Aim 3, our data supported the 
hypothesis that higher psychoneurological symptom levels were associated with decreased 
function in mothers but did not support the hypothesis that symptom levels were associated 
with child outcomes. As a scoping review, Aim 4 revealed that minimally invasive methods 
are available to measure changes in the hypothalamic pituitary adrenal (HPA) axis, the 
immune/inflammatory system, and brain-derived neurotrophic factor levels. 
Together, the findings from the three papers in this dissertation demonstrated the 
presence of psychoneurological symptoms in low income mothers, provided evidence for the 
association of symptoms with stress and compromised function, and suggested possible 
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CHAPTER 1: INTRODUCTION 
 
Introduction 
This three-manuscript dissertation contains five chapters. The first chapter is the 
introduction. The second chapter addresses Aim 1 and focuses on methodology of measuring 
symptom scores. This chapter will be submitted to the International Journal of Nursing 
Studies in April 2019. The third chapter addresses Aims 2 and 3 and consider the relationship 
of psychoneurological symptoms with situational stress as well as maternal and child 
outcomes. This chapter will be submitted to Nursing Research in April 2019. The Aim 4 
manuscript (fourth chapter) is a scoping review of the literature which maps the use of 
minimally-invasive measures of stress-related biological processes. This manuscript was 
coauthored by Kelly Tan, Ashley Vaughan, and Dr. Keely Muscatell and submitted to the 
International Journal of Nursing Studies in December 2018 where it is currently under 
review. The final chapter of the dissertation is a synthesis across the four Aims.  
Background and Significance 
In the United States, more than 10% of mothers, or 8.5 million, live in poverty 
(DeNavas-Walt & Proctor, 2015). Poverty places these mothers in conditions of chronic 
situational stress, or prolonged exposure to stressful situations originating from the social 
environment for an extended period of time (Oliveira et al., 2016), because of economic 
hardship and other stressors associated with the responsibilities of motherhood (Baum, 
Garofalo, & Yali, 1999; Luthar & Ciciolla, 2016). Exposure to chronic situational stress in a 
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variety of low income populations is associated with higher reports of fatigue (Kocalevent, 
Hinz, Brähler, & Klapp, 2011), sleep disturbance (Yu, Fei, Fox, Negron, & Horowitz, 2015), 
depressed mood (Manuel, Martinson, Bledsoe-Mansori, & Bellamy, 2012), and cognitive 
dysfunction (Bajaj et al., 2013). In a study of women with low income, up to 50% of the 
sample reported chronic pain (Kneipp et al., 2011). When a mother experiences these 
symptoms, they can interfere with her physical functioning, social functioning, and role 
functioning, and, importantly, mothering (Dodd, Cho, Cooper, & Miaskowski, 2010; Gross, 
1989). Compromises in a mother’s functioning places her children at higher lifetime risks of 
impaired cognitive and emotional development; infants and toddlers are the most vulnerable 
to these effects on maternal function due to their sensitive period of neurodevelopment 
(England & Sim, 2009).  
With the exception of pain, these symptoms are also considered depressive 
symptoms. In low income mothers, interventions to alleviate depressive symptoms have had 
variable levels of efficacy (Appleby, Warner, Whitton, & Faragher, 1997; Beeber & Miles, 
2003; Forman et al., 2007; Miranda et al., 2006). The limited efficacy may be because 
interventions addressing depressive symptoms do not include the pain, which was 
experienced by 50% of low income mothers in one study (Kneipp et al., 2011). An 
alternative and novel approach is to reconceptualize these symptoms as stress-related 
symptoms in order to consider underlying biological mechanisms that could be targeted by 
interventions (Miller, Brody, Yu, & Chen, 2014). 
Reconceptualizing the Stress-Related Symptoms  
Emerging research in two populations, women with fibromyalgia and women with 
breast cancer (Kim, Barsevick, Fang, & Miaskowski, 2012; Kim, Barsevick, Tulman, & 
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McDermott, 2008), has identified a cluster of symptoms that are similar to those reported by 
individuals exposed to chronic situational stress. These symptoms are called the 
psychoneurological symptoms and include pain, fatigue, sleep disturbance, depressed mood, 
and cognitive dysfunction (Kim et al., 2012). One hypothesis for the presence of 
psychoneurological symptoms is that elevated stress leads to altered biological pathways 
such as the activation of pro-inflammatory cytokines, alterations to the functioning of the 
hypothalamic-pituitary-adrenal (HPA) axis, and changes in the monoamine 
neurotransmission system (Kim et al., 2008). A link has been established between stress and 
psychoneurological symptoms in women with chronic illness (Hansen, Feuerstein, Calvio, & 
Olsen, 2008; Robinson et al., 2015; Santos, Fried, Asafu-Adjei, & Ruiz, 2017). Building off 
the chronic illness literature, it is hypothesized that women with low income will also exhibit 
the psychoneurological symptoms because of their exposure to chronic situational stress. 
To advance our understanding of the theorized relationship between stress and 
psychoneurological symptoms, research is needed that minimizes the potentially confounding 
effects of disease (e.g. cancer) and treatments (e.g. chemotherapy). By shifting the focus to a 
population that is not characterized by a singular chronic disease but under a high level of 
chronic situational stress, the role of stress as a driver of the symptoms can be examined 
more precisely. This dissertation will be the first study to describe the characteristics of 
psychoneurological symptoms related to chronic situational stress in low income mothers. 
Dissertation Aims 
For the dissertation, I have conducted a secondary analysis of baseline data from two 
prior studies of low income mothers in order to describe the intensity of psychoneurological 
symptoms in a sample of chronically stressed mothers, considering both the relationship of 
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situational stress level to symptoms and associated positive and negative outcomes for 
mothers and their children. I describe the sample as “disease agnostic” because the study 
participants were not selected for any specific disease, but rather to portray a full range of 
depressive symptoms. I have also included in the dissertation a scoping review of the 
literature to identify neurobiological markers that could be collected using minimally-
invasive methodology in future research. The model for the study has been adapted from the 
Symptoms Experience model, which constructs a person’s symptom experience through the 
antecedents of symptoms, the perception of symptoms, and the consequences of symptoms 
(Armstrong, 2003). 
Figure 1.1. An adapted Symptoms Experience Model displaying the dissertation aims. 
 
Figure 1.1 presents the adaptation of the Symptoms Experience model. The 
Symptoms Experience model has been used in prior nursing research on psychoneurological 
symptoms (Matthews, Schmiege, Cook, & Sousa, 2012). The model provides a useful 
framework for understanding how the experience of symptoms effects functional status and 
serves as a way to link stress, psychoneurological symptoms, and mothers’ functional 
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outcomes. The dissertation study utilized a parsimonious adaptation of the model by 
including antecedents (e.g. demographic factors, situational stress), symptoms, and potential 
consequences (e.g. maternal functioning and mothering, child behavior and development). 
Future research will incorporate neurobiological markers of chronic stress as potential 
mechanisms mediating the relationship between the chronic situational stress and 
psychoneurological symptoms in low income mothers. 
Some of the demographic factors (e.g. race, English language proficiency) that have 
been included as antecedents could also contribute to the experience of situational stress by 
exposing mothers to stressful situations in their social environments. The factors that have 
been labeled “demographic” tend to be immutable and are unlikely to change significantly in 
the timeframe of the study. Still, any association between demographic factors and the level 
of symptoms should be considered in light of the potential contribution of the demographics 
to chronic situational stress. 
Different facets of physical health are contained in each section of the model as health 
burden, the physical symptoms themselves, and physical functioning. This is due to the 
multidimensional relationships inherent in the experience of symptoms (Armstrong, 2003). 
Health burden, a variable included in the situational stress antecedent, refers to mental and 
physical resources that are required to manage varying levels of physical illness, which can 
be a significant source of distress (Pierobon, Giardini, Callegari, & Majani, 2011). As far as 
physical function as a dependent variable, symptoms are subjective, and the impacts on 
function are strongly tied to an individual’s identification of a symptom; bodily sensations 
are not recognized as symptoms until they are causing a change to normal function 
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(Armstrong, 2003). Still, physical function is included as a dependent variable in order to 
assess the variations in levels of effect of the symptoms on function. 
Proposed Aims 
Aim 1: Describe the presence of psychoneurological symptoms (pain, fatigue, sleep 
disturbance, depressed mood, and cognitive dysfunction) in low income mothers by 
comparing results of two methods: 
1a. a simple, data-naïve approach (composite score), and 
1b. a complex, innovative data-driven approach (reduced rank regression). 
Aim 2: Explore how differences in levels of chronic situational stress (lifestyle 
factors and environmental conditions) between subjects are associated with intensity 
of psychoneurological symptoms. 
Aim 3: Determine the relationship of psychoneurological symptoms to behavioral 
dynamics such as mother’s functional status (physical functioning, social functioning, 
role functioning, mothering) and child behavioral and developmental status. 
Aim 4: Investigate the use of minimally-invasive measures of biological processes 
affected by chronic stress in the literature to identify potential measures for future use 
with low income mothers.  
Describing the psychoneurological symptoms in a population under chronic 
situational stress helps to distinguish these as stress-related symptoms, separating them from 
the heterogeneity and stigma of depressive symptoms. In past research, mothers have 
communicated their symptoms as reactions to stress and resisted the term “depression” 
(Beeber, Cooper, et al., 2007). Changing the language that we use in research honors their 
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experience and may allow us to design more effective and less stigmatizing interventions in 
the future. 
Methods 
Chapter two focuses on Aim 1 of the dissertation. In this chapter, I describe the 
presence of the psychoneurological symptoms (pain, fatigue, sleep disturbance, depressed 
mood, and cognitive dysfunction) by comparing results of two methods. The first method is a 
simple, data-naïve approach (composite score) and the second is a more complex and 
innovative data-driven approach (reduced rank regression). The composite score has been 
used in prior research on the psychoneurological symptom cluster and a benefit of the 
method is that it is simple to use (Starkweather, Lyon, Elswick Jr., et al., 2013). However, the 
composite score method relies on a priori decisions of which symptoms to include and how 
to weight them (Starkweather, Lyon, Elswick Jr., et al., 2013), which may not be able to 
capture nuanced differences in a new population. The reduced rank regression method takes 
an a posteriori approach and uses the data to identify which predictors are most predictive of 
variations in outcomes (Izenman, 1975; Jaacks et al., 2015). The purpose of using reduced 
rank regression here is to evaluate whether the analysis identifies differences in the 
symptoms of a new population that the composite score might miss. If the reduced rank 
regression analysis does not, then it is more parsimonious to rely on the traditional composite 
score method when conducting the remaining analyses. 
Chapter three focuses on Aims 2 and 3 of the dissertation. In this chapter, I use 
multiple regression analyses to explore how differences in levels of chronic situational stress 
are associated with presence and amount of psychoneurological symptoms. I also determine 
the relationship of psychoneurological symptoms to behavioral dynamics such as mother’s 
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functional status (physical functioning, social functioning, role functioning, mothering) and 
child behavioral and developmental status. 
In chapter four, I have focused on Aim 4 of the dissertation and completed a scoping 
review of the literature using methodology outlined by the Joanna Briggs Institute (Peters et 
al., 2015). This review acts as a bridge to postdoctoral research by identifying which 
neurobiological markers may be more appropriate for use with this vulnerable population and 
which minimally-invasive method may enable easier research access to low income mothers. 
Chapter five synthesizes the previous chapters and proposes the next steps in the 
trajectory of this research. In this chapter, I further explore prior conceptualizations of 
depressive symptoms in order to differentiate the experience of the more specific 
psychoneurological symptoms. Additionally, I consider other symptoms that are currently 
unrepresented in the psychoneurological symptom cluster but which have been linked to 
proposed underlying biological mechanisms such as inflammation.  
Potential Limitations 
A main limitation for all secondary analyses is that they are constrained to the data 
collected during the parent study. While many of the variables of interest, including symptom 
measures, are available in the parent data, undoubtedly some other relevant variables are not. 
I will use the literature as well as the input of experts in the content area in order to consider 
potential rival causal factors and identify other relevant variables of interest for future 
studies. 
Further, the measures of the psychoneurological symptoms are restricted to what was 
collected in the parent studies. While there is precedent in the literature for deconstructing 
scales into single items to capture individual psychoneurological symptoms (Kim, Barsevick, 
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& Tulman, 2009; Kim et al., 2008; D. Lyon et al., 2015), multi-item measures of the 
symptoms (such as those included in Starkweather et al., 2017) would have been used if I 
were designing a study with a new sample. Still, we have evaluated the validity and 
reliability of the items selected and discuss those in chapter two. Overall, in the case of this 
research, which is descriptive in nature, these limitations are outweighed by the advantages 
of the secondary analysis in decreased participant burden and time to results. Future research 
that focuses on causal mechanisms should measure the symptoms in a robust and validated 
way. 
A final limitation is that the dataset from the parent studies does not include whether 
the women had any diagnosed diseases such as cancer or fibromyalgia that are known to 





CHAPTER 2: A COMPARISON OF TWO METHODS FOR CREATING TOTAL 




The symptoms that individuals experience can indicate altered biological 
mechanisms. The National Institute of Nursing Research has called for an increase in 
Symptom Science research in order to understand the biological processes underlying 
symptoms and to develop interventions to help alleviate them (Cashion & Grady, 2015). In 
order to progress towards these goals, researchers need to measure the impact of specific 
symptoms or clusters of symptoms on patient outcomes.  
One symptom cluster is comprised of the psychoneurological symptoms of chronic 
pain, fatigue, sleep disturbance, depressed mood, and cognitive dysfunction. Nurse 
researchers first identified this cluster in women with breast cancer (Kim et al., 2008) and 
fibromyalgia (Menzies, Lyon, Elswick, Montpetit, & McCain, 2013) and the symptom 
cluster is associated with perceived stress (McCain, Gray, Walter, & Robins, 2005). Low 
income mothers are a vulnerable population under high amounts of chronic stress (Baum et 
al., 1999; Luthar & Ciciolla, 2016) and thus can provide a disease agnostic sample for further 
research on these symptoms. Based on prior research, it is hypothesized that the 
psychoneurological symptoms significantly impact maternal function and the outcomes for 
their children (Dodd et al., 2010; Gross, 1989). 
Researchers have used a variety of techniques to investigate the psychoneurological 
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symptoms, including calculating a composite symptom score (Starkweather, Lyon, Elswick 
Jr., et al., 2013). For this technique, prior literature dictates which symptoms to include in the 
score (Starkweather, Lyon, Elswick Jr., et al., 2013). Because of the reliance on past 
research, creating a composite score is data-naïve; the technique is considered an a priori or 
hypothesis-driven approach (Hoffmann, Schulze, Schienkiewitz, Nöthlings, & Boeing, 
2004). In creating a composite score, researchers give each symptom equal weight 
(Starkweather, Lyon, Elswick Jr., et al., 2013), assuming that each symptom contributes 
equally to the associated outcomes. A benefit of using this technique is that it is relatively 
simple, making symptom science research more accessible, but it may not identify nuanced 
differences in newly generated data. 
Alternatively, researchers could use a pre-specified symptom cluster in conjunction 
with information from the data to create a data-driven symptom score. For example, reduced 
rank regression (RRR) is a statistical technique that can be used to identify the patterns 
within a set of correlated predictors that tend to be associated with one or more outcomes 
(Izenman, 1975; Jaacks et al., 2015). RRR aims to explain as much of the variation in a set of 
responses, or outcomes, as possible from the set of predictors.  Specifically, it creates a factor 
from (i.e., linear combination of) the predictors that is the most predictive of variations in the 
set of responses (Hoffmann et al., 2004). The approach combines information from prior 
studies as well as data from the study itself, making it an a posteriori or data-driven method 
(Hoffmann et al., 2004). RRR has been most commonly used in dietary data, where a set of 
correlated nutrient intake variables are available as predictors of health outcomes of interest 
(Hoffmann et al., 2004). RRR has also been used to study nutrition epidemiology to identify 
associations between dietary intake patterns and many outcomes of wellness and disease 
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(e.g., Jaacks et al., 2015; Lamichhane et al., 2014).  
To our knowledge, RRR has not been used in the identification or testing of symptom 
clusters.  RRR has great potential for symptom science, and specifically for 
psychoneurological symptom research, because it can identify the pattern of symptoms that 
explains the most variation in specific outcomes, which in this case are negative outcomes 
for mothers and children. In this study, the predictors of interest are the psychoneurological 
symptoms (pain, fatigue, sleep disturbance, depressed mood, cognitive dysfunction) and the 
main responses of interest are mothers’ functioning (physical, social, role) outcomes. 
The purpose of this paper is to evaluate the use of RRR, a complex statistical 
approach, as a technique to describe the intensity of psychoneurological symptoms in a 
sample of low income mothers. We will compare two methods, the data-naïve composite 
scoring and data-driven RRR scoring, to determine if the use of RRR captures distinctions 
that the simpler approach does not. This article is the first to consider the potential of RRR to 
identify symptom patterns associated with key maternal outcomes such as mothering, thus 
advancing the statistical methods available to symptom science research. 
Methods 
Study Sample 
The sample for this study is comprised of 356 low income mothers drawn from two 
studies conducted in New York and North Carolina. While the two parent studies were 
longitudinal intervention research, the current study uses only baseline, pre-intervention data. 
In the combined dataset, the subjects had a mean age of 26, completed an average of 11 
school years, and 46% lived without a partner. The mothers were selected for the original 
studies with the aim to cover the spectrum of depressive symptom severity; the mean 
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baseline Center for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977) scores 
for the combined sample is 23 (range= 0 to 55 out of a possible score range of 0 to 60; 
standard deviation= 14). The two studies included low income mothers that differed in their 
racial/ethnic characteristics; HILDA included almost all non-Latina women (n=251) while 
ALAS included only Latina women (n=105), representing two subgroups within the same 
population of low income mothers with children in Early Head Start programs. The 
combined sample was 41% Black, 36% Hispanic, 16% White, and 7% Other. No additional 
inclusion or exclusion criteria were applied for the secondary analysis.  
Each parent study was completed through an Early Head Start center, a national 
network of federally-funded child development centers serving children up to 36 months old. 
In order to qualify for Early Head Start programs, families must 1) have an income level at or 
below the poverty level published by the United States federal government, 2) be homeless, 
and/or be receiving public assistance. The Early Head Start centers included in the parent 
studies were located in North Carolina and New York with both rural and urban/suburban 
areas represented. 
Both parent studies used the same Early Head Start centers and used identical 
measures taken at the same time points. Baseline data, which was collected from subjects 
prior to randomization to intervention or control conditions, was combined for this secondary 
analysis. The baseline data for the HILDA study was collected from 2004 to 2008 and 
baseline data for the ALAS study was collected from 2003 to 2006. 
Sample Size 
There is no literature providing guidance on the appropriate sample size for the RRR 
analysis (MacCallum, Widaman, Zhang, & Hong, 1999). Because of the close relationship 
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between RRR and factor analysis, the literature on sample size for exploratory factor analysis 
is an appropriate substitution. Some recommendations establish the minimum required total 
sample size for any sort of factor analysis, with recommendations ranging from 100 to 250 
(Cattell, 1978; Gorsuch, 1983; Guilford, 1954; Kline, 1979). Another approach is to 
determine the minimum number of subjects required for each variable, with 
recommendations ranging from 3:1 to 10:1 (Cattell, 1978; Everitt, 1975; Gorsuch, 1983). The 
proposed study focuses on five variables, the psychoneurological symptoms, and the 
available sample of n=356 surpasses both 300 and 50, the higher end of the range for each 
approach, suggesting adequate power. 
Measures 
Each of the five individual psychoneurological symptoms was measured using items 
collected during the parent studies. We deconstructed the CES-D to measure fatigue, 
cognitive dysfunction, sleep disturbance, and depressed mood, selecting items using face 
validity and expert input. This method follows the same approach that was taken by the 
researchers who developed the revised CES-D (Eaton, Muntaner, Smith, Tien, & Ybarra, 
2004); those researchers have published the items from the revised CES-D that can be used 
to score specific symptoms including thinking/concentration, fatigue, and sleep , which we 
took into consideration during selection of items from the CES-D. After removing the items 
that regarding fatigue, cognitive dysfunction, and sleep disturbance, we created the depressed 
mood symptom score by summing the scores of the remaining non-somatic items on the 
CES-D, which has been done in prior psychoneurological symptom research (S.-Y. Ho, 
Rohan, Parent, Tager, & McKinley, 2015). The symptoms were represented by the following 
items on the CES-D: fatigue (7, 20), cognitive dysfunction (5, 13), sleep disturbance (11), 
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and depressed mood (3, 6, 8 reversed, 9, 12 reversed, 14, 18). Internal reliability for the 
subset of items pulled to represent the symptoms was alpha = 0.901, which was very close to 
the reliability for the whole measure (alpha = 0.927). Internal reliability remained high for 
the depressed mood symptom (alpha = 0.892) but was lower for fatigue (alpha = 0.435) and 
cognitive dysfunction (alpha = 0.556); this was expected as each was represented by only 
two items. Internal reliability could not be calculated for sleep disturbance, because it 
contained only one item.  
Chronic pain was measured as pain interference using the Medical Outcomes Study 
12-item Short Form Health Survey (SF-12; Ware, Kosinski, & Keller, 1996) item 5: “During 
the past 4 weeks, how much did pain interfere with your normal work (including both work 
outside the home and housework).” Pain interference has been used as an indicator of pain in 
psychoneurological symptom research and has significant correlations with pain severity 
(Menzies et al., 2013). 
Finally, each individual symptom was standardized to a range of 0 to 3 to give equal 
weight to each symptom regardless of the original scale. 
Maternal function was constructed from four subdomains reported by the developers 
of the SF-12: physical functioning, social functioning, role functioning (physical), and role 
functioning (emotional; Ware et al., 1996). Physical and emotional role functioning were 
combined into a single measure of role functioning.  
Statistical Analysis 
We first used a simple data-naïve approach, we calculated a composite symptom 
score (MacCallum, Widaman, Zhang, & Hong, 1999). Standardized individual symptom 
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scores were summed into a composite score, with higher scores indicating higher 
symptom intensity. 
Second, we used RRR as a data-driven approach. We find the linear combination of 
psychoneurological symptoms that is most predictive of maternal function. This linear 
combination can be used to generate the symptom score that is most predictive of the set of 
responses.  In contrast with data-naïve approach, this does not provide equal weight to each 
symptom but rather identifies weights that yield the strongest association with maternal 
function. RRR was conducted using the PLS procedure in SAS software (version 9.4; SAS 
Institute, Cary, North Carolina). The derived weights were applied to the individual 
symptoms and summed into the RRR symptom score. 
Finally, we compared the two scores to determine whether there was a marked 
difference between the composite symptom score and the RRR symptom score.  The 
composite score is much simpler to compute, so we plan to use this score for future analyses 
if it is similar to the RRR symptom score.  It was determined a priori that if the composite 
score explained more than 80% of the variance in the RRR symptom score, as identified by a 




 Three participants with missing data for individual symptoms were removed from the 
composite calculations, for a final sample size of 353.  After scaling from 0 to 3, means and 
standard deviations of these individual symptom scores were: depressed mood (M = 1.25, SD 
= 0.83), fatigue (M = 1.33, SD = 0.81), cognitive dysfunction (M = 1.19, SD = 0.87), sleep 
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disturbance (M = 1.44, SD = 1.19), and pain (M = 0.77, SD = 0.89).  The mean composite 
score was 5.98 (SD = 3.47) with a range from 0 to 14.11 (out of 0 to 15).  
The RRR summarized the symptom pattern that best explained mothers’ functioning. 
For the analysis, 333 mothers were included after those with missing data were removed. As 
seen in Table 2.1, chronic pain explained 42.14% of the variation in total symptom score, 
depressed mood explained 39.42%, cognitive dysfunction explained 8.69%, fatigue 
explained 6.65%, and sleep disturbance explained 3.11%. 
Table 2.1 The symptom pattern identified by RRR among low income women under chronic 
situational stress participating in the HILDA and ALAS studies (n=333) 







Chronic pain 0.50 0.53 0.80 42.14 
Depressed  
mood 0.52 0.47 0.83 39.42 
Cognitive dysfunction 0.44 0.12 0.71 8.69 
Fatigue 0.38 0.11 0.61 6.65 
Sleep disturbance 0.38 0.05 0.60 3.11 
 a Factor loadings are directly obtained from RRR analysis. 
b Standard score parameters are obtained from multiple linear regression of symptoms on total 
symptom score. 
c Pearson's correlation coefficient obtained from correlating individual symptoms with the total 
symptom score. 
d Explained variation is calculated by multiplying standardized parameters with the Pearson's 
correlation coefficient x 100. 
 
Table 2.1 illustrates the association of each individual symptom (chronic pain, 
fatigue, sleep disturbance, depressed mood, cognitive dysfunction) with the RRR symptom 
score.  The factor loadings and Pearson’s correlations were all positive, indicating that all 
symptoms were positively associated with the RRR symptom score.  The standardized score 
parameter are the weights used to compute the RRR symptom score from the standardized 
symptoms, and the explained variation in score indicates the relative contribution of each 
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symptom to the RRR symptom score. Out of the five symptoms, chronic pain and depressed 
mood explained the largest variation in the symptom score. 
The RRR also provided the association of the symptoms with the mother’s function. 
The symptoms explained 53.7% of the variation in the mother’s function, with depressed 
mood explaining 37.2%, chronic pain explaining 15.0%, fatigue explaining 0.9%, cognitive 
dysfunction explaining 0.5%, and fatigue explaining 0.1%. 
Correlating the Composite and RRR Scores 
 The Pearson correlation coefficient for the correlation between the composite 
symptom score and the RRR symptom score was 0.93 (p<.001), above the threshold of 0.89 
identified a priori. Thus we found the composite score to be sufficient. 
Discussion and Recommendations 
In this analysis, the composite score approach captured the majority of the variation 
revealed by the RRR approach, indicating that the simpler and more parsimonious approach 
is appropriate for use in symptom intensity calculations. The RRR analysis did demonstrate 
additional information, however, that the simple composite score did not; RRR analysis 
identified pain and depressed mood as the two biggest factors in determining maternal 
function. 
Symptom science researchers have advocated for the adoption of a consistent scoring 
method for symptom clusters such as the composite score technique (Starkweather, Lyon, 
Elswick Jr., et al., 2013). As Starkweather et al. (2013) point out, using the composite score 
technique allows researchers to include interdependent symptoms in the cluster as well as 
multiple components of each symptom’s experience, such as intensity, frequency, and 
interference. However, the composite score is not data-driven, and may lead to the inclusion 
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of redundant symptoms, or the under-emphasis of important ones.  In this analysis, RRR 
served as a data-driven way to support the use of the data-naïve composite score.  If the two 
scores had been quite different from each other, we would have rejected the composite score 
in favor of the data-driven RRR symptom score.  In this way, the derivation of the RRR 
symptom score serves as a sensitivity analysis that either supports or rejects the data-naïve 
approach. 
As we have noted, the primary application of RRR has been for the identification of 
dietary patterns (e.g. Hoffmann et al., 2004; Jaacks et al., 2015; Lamichhane et al., 2014), 
and to our knowledge this is the first use of this method to explore the existence of symptom 
clusters and outcomes.  In this study, we used RRR in a confirmatory manner—to confirm 
the existence of a pre-specified symptom cluster.  Going forward, we additionally envision 
the use of RRR in a more exploratory way—where the predictor is a large set of symptoms 
with clusters that have not been previously identified.  
For researchers interested in more than just a single symptom cluster score, the RRR 
approach provides additional information. For example, RRR analysis shows that the higher 
symptom scores are correlated with lower maternal function scores, as would be expected.  
The fact that RRR simultaneously relates a set of predictors to a set of outcomes is an 
advantage over repeated testing of the relationship between a composite score and individual 
outcome variables in ascertaining the presence of a relationship. Composite scoring cannot 
provide information on how the individual symptoms within the symptom cluster score relate 
to the outcome of interest, but the RRR factor loadings do. As shown in our RRR, a mother’s 
pain symptom is the largest driver of variation in her function. Given the call by the National 
Institute of Nursing Research for the development of interventions to alleviate symptoms 
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(Cashion & Grady, 2015), RRR may provide researchers with key information on which 
symptoms to target within a symptom cluster in order to improve patient experiences. 
Limitations of this research include general design as well as the potential for 
measurement error. While the secondary analysis design allows researchers to make 
scientific contributions in an accelerated timeframe without increasing cost or incurring 
additional participant burden, this design also limits the researchers to the items that were 
collected. In the case of this study, symptoms were not assessed using more complete 
symptom measures (Starkweather, Lyon, Elswick Jr., et al., 2013), but were instead captured 
with anywhere from one to seven individual items, which may have introduced measurement 
error. However, this study still provides foundational findings on the association between 
psychoneurological symptoms and maternal function in a disease agnostic sample while 
reserving resources for future studies that will advance the research question further. 
Though the composite score has proven sufficient in our dataset future research is 
needed to confirm the validity of the composite score before it is used beyond this 
population.   A study is needed to replicate these findings on the existence of the 
psychoneurological symptoms in a chronically stressed, disease agnostic population using 
specific symptom measures in order to support the development of effective interventions. 
These findings also support the need for continued policies that support low income families 
from the associated chronic stress which appears to lead to disruptive symptoms.  
Researchers interested in summarizing a symptom cluster should consider validating the 
composite score using RRR, or using an RRR-based symptom score.   
Conclusions 
Researchers interested in symptom clusters should consider validating the composite 
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score using RRR, or using an RRR-based symptom score.  In addition to weighting the 
symptoms based on their relationship with a set of outcomes, RRR provides information on 





CHAPTER 3: PSYCHONEUROLOGICAL SYMPTOMS IN SITUTIONALLY 





Poverty, an extreme level of deprivation among people with low socioeconomic 
status, places people in conditions of chronic situational stress, in part by threatening their 
access to resources for basic needs (Oliveira et al., 2016). Consequently, low socioeconomic 
status, often measured using education level and occupation as well as income, is associated 
with higher reports of chronic pain (Kneipp et al., 2011), fatigue (Kocalevent et al., 2011), 
sleep disturbance (Yu et al., 2015), depressed mood (Dennis & Dowswell, 2013; Manuel et 
al., 2012), and cognitive dysfunction (Bajaj et al., 2013). The effects of low socioeconomic 
status are compounded by the stress of motherhood (Parke et al., 2004). The situational 
stress-related symptoms, known as psychoneurological symptoms, have been researched in 
samples of women with breast cancer and women with fibromyalgia (Kim et al., 2008; 
Menzies et al., 2013; Starkweather et al., 2017; Starkweather, Lyon, Elswick Jr., et al., 2013). 
This study builds on prior research by describing the presence of psychoneurological 
symptoms in a disease agnostic sample of low income mothers under chronic situational 
stress. 
During the infant and toddler eras of rapid brain growth (Center on the Developing 
Child at Harvard University, 2009), successful neurocognitive, psychomotor and social-
emotional development depends on consistent mothering through child-centered 
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conversation, developmentally-supportive play, modeling of appropriate expression of 
positive and negative emotions, positive touch and socialization, and later, assistance with 
emotional regulation and aggressive behaviors (Field, Diego, & Hernandez-Reif, 2009; 
Goodman, Brogan, Lynch, & Fielding, 1993; Hammen, 1991; Needlman, Stevenson, & 
Zuckerman, 1991; NICHD Early Child Care Research Network, 1999; O’Hara, 2009). 
Compromised mothering behaviors lead to infant-toddler developmental and language 
delays, cognitive deficits, later childhood conduct and learning disorders, school failure, and 
increased susceptibility to mental disorders (Campbell, Matestic, von Stauffenberg, Mohan, 
& Kirchner, 2007; Campbell, Morgan-Lopez, Cox, & McLoyd, 2009; Feder et al., 2009; 
Jackson & Brooks-Gunn, 2000; Lovejoy, Graczyk, O’Hare, & Neuman, 2000; NICHD Early 
Child Care Research Network, 1999). For a low income child, compromised mothering has 
lingering negative effects due to cumulative risk exposure, such as from chronic situational 
stressors (e.g. lack of basic resources, substandard neighborhoods, violence) combined with 
limited access to reliable social support and other resources that are protective for the child, 
especially if mothers are not partnered (Brody & Flor, 1998; Campbell et al., 2004, 2009; 
Goodman et al., 1993; Hammen, 1991; Jackson & Brooks-Gunn, 2000; Jarrett & Burton, 
1999; Parke et al., 2004). Thus, it is crucial to identify threats to mothering in low income 
women quickly and shorten children’s exposure to compromised mothering. 
In the past, many of the stress-related symptoms have been conceptualized and 
treated as depressive symptoms. In low income mothers, the efficacy of interventions to 
alleviate depressive symptoms has been variable (Appleby et al., 1997; Beeber & Miles, 
2003; Forman et al., 2007; Miranda et al., 2006). Focusing research on psychoneurological 
symptoms rather than depressive symptoms represents a significant shift in the 
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conceptualization of situational stress-related symptoms and decouples the symptoms from 
the stigma of mental illness, a significant barrier to intervention in this population (Miranda 
et al., 2006). The limited intervention efficacy may also be because the interventions focus 
on depressive symptoms without including pain, which is experienced by 50% of low income 
mothers (Kneipp et al., 2011). Future interventions may also be improved because 
psychoneurological symptoms address pain, which significantly compromises functioning 
(Mccracken & Eccleston, 2005).  
The aims of this study were to explore the relationships between situational stress, 
psychoneurological symptoms, and maternal and child outcomes. First, we investigated the 
association of situational stress with psychoneurological symptom burden. Then we looked at 
the associations between psychoneurological symptom burden and maternal function (e.g. 
mothering, role, physical, and social), as well as the symptom burden with child 
developmental status, social behavior and irritability.  
If the relationship between chronic situational stress and psychoneurological 
symptoms can be identified in a disease agnostic sample, this finding may indicate that the 
biological mechanisms underlying the psychoneurological symptoms are related to the 
regulation of stress. Further investigation of these underlying biological mechanisms could 
open possibilities for interventions that target the cause of the symptoms and/or improve 
management of symptoms to improve the compromised mothering and reduce the impact on 
the infants/toddlers, without raising concerns about mental illness that might accompany a 
focus on depressive symptoms. 
In summary, low income mothers live under chronic situational stress, which has 
been linked to psychoneurological symptoms in other populations. These symptoms may lead 
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to decreased maternal functioning and compromised mothering as well as less optimal 
developmental and behavioral outcomes for their children. The findings will be the first step 
towards identifying relationships of psychoneurological symptoms to functional outcomes, 
suggest potential biomarkers and, eventually, lead to the development of symptom 
management interventions to improve quality of life for the mothers and outcomes for their 
children. 




The Symptoms Experience model was used to guide the study (Armstrong, 2003). 
The model provides a framework for understanding how the experience of symptoms affects 
functional status. This model has been used in prior research on psychoneurological 
symptoms (Matthews et al., 2012). The current study used a parsimonious adaptation of the 
model, shown in Figure 3.1, by including antecedents, symptoms, and proposed 
consequences. Demographic factors and situational stress are included in the model as 
antecedents. Some of the maternal demographic factors may moderate the relationships 
between the other variables. Situational stress has been suggested to drive the development of 
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psychoneurological symptoms in other populations (Kim et al., 2008). The model also 
visualized the theorized impacts of the psychoneurological symptoms on maternal and child 
outcomes based on prior research on individual psychoneurological symptoms such as 
depressed mood (Dodd et al., 2010; England & Sim, 2009; Gross, 1989). 
Methods 
Summary of Parent Studies 
The data for the proposed study will be constructed from pre-randomization baseline 
data of two intervention studies that utilized identical measures. The two parent studies, 
ALAS (DHHS/ACF 90YF0056; Beeber, PI) and HILDA (R01 MH065524; Beeber, PI), were 
both randomized two-group, repeated measures designs. The HILDA study had intervention 
and attention control groups (Beeber et al., 2013) while ALAS had intervention and usual-
care control groups (Beeber et al., 2009). Both studies were set in Early Head Start (EHS) 
programs, federally funded enrichment interventions for low income infants and toddlers. 
These programs were in North Carolina and New York and served both rural and 
urban/suburban locations. The HILDA study sampled 251 EHS mothers and their 
infants/toddlers. The ALAS study sample included 105 Latina mothers and their 
infants/toddlers. For both studies, inclusion criteria for mothers were being the biological 
parent and primary caregiver, at least 15 years of age, at least 6 weeks postpartum, and 
having a child who was enrolled in EHS and aged 6 weeks to 3 years at baseline. HILDA 
included an ethnically diverse sample of English-speaking women while ALAS included 
only Spanish-Speaking Latina women with limited English proficiency. Women using 
psychotropic medications or receiving regular psychotherapy were excluded from both 




The secondary analysis combined data from the two studies described above, yielding 
a sample of 356 low income mothers. Each study used the same EHS setting and used 
identical measures. Baseline data from subjects collected prior to randomization were 
combined for analysis. 
Subjects and Setting 
 The sample included 356 low income mothers from the two parent studies. The two 
studies included low income mothers who differed in their racial/ethnic characteristics, 
representing two subgroups within the same population of low income mothers with children 
in EHS programs. No additional inclusion or exclusion criteria were applied for this 
secondary analysis. 
Each parent study was completed through an EHS center, from a national network of 
federally-funded child development centers available to low income mothers, which ensured 
that every mother in the current study sample qualified as low income. The EHS centers were 
located in North Carolina and New York, with both rural and urban/suburban areas 
represented, increasing the variability within the sample. 
The sample size of n=356 provided 80% power to detect a partial R2 of 0.022 for the 
predictor of interest at α = 0.05 in a multiple regression model with 8 covariates (Statistical 
Solutions Ltd., 2014). 
Variables 
Maternal demographics and situational stress were the antecedent variables of 
interest. Maternal demographic factors included age, race/ethnicity, and education, which 
were all measured at baseline in the parent studies. Demographic characteristics can be found 
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in Table 3.1. 
Table 3.1.2Demographic characteristics of low income mothers. 





Asian or Pacific Islander 2 0.6 
Black (African American; non-   
        Hispanic) 154 43.3 
Haitian or other Caribbean 2 0.6 
White (Caucasian; non-Hispanic) 64 18.0 
Hispanic/Latina 41 11.5 
Cuban 1 0.3 
Mexican 68 19.1 
Latin American 3 0.8 
Native American/American Indian 5 1.4 
Mixed 14 3.9 
Other 1 0.3 







In relationship 189 53.1 
Not in relationship 130 36.5 
Missing 37 10.4 
  Mean SD Min Max Missing 
Maternal Age 26.2 5.8 15 44 3 
Education (years) 10.9 2.8 2 19 7 
Number of children 2.7 1.4 1 8 17 
 
The situational stress score was constructed from items on the Family Baseline 
Information Form, a descriptive survey administered to all mothers in both studies. The score 
quantifies the stress related to partner status and relationship, domestic situation, 
neighborhood safety, physical health, economic hardship, parenting and social support. The 
Family Baseline Information Form, created by the Early Promotion and Intervention 
Research Consortium, was constructed to assess family stress and the family’s neighborhood 
(Beeber, Chazan-Cohen, et al., 2007). Each item included from the Family Baseline 
Information Form was dichotomized into low stress (0) and higher stress (1). These items 
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were summed, with a higher total score indicating higher levels of situational stress. 
Convergent validity was demonstrated by a significant correlation (p<.001) between this 
situational stress score with scores on the Everyday Stressors Index (Hall & Farel, 1988), 
which was completed by the mothers from the HILDA sample. The descriptive 
characteristics for each variable, including situational stress, are included on Table 3.2. 
Table 3.2. Descriptive characteristics for variables included in multiple linear regressions. 
 Mean SD Min Max n 𝛼𝛼 
Symptom Scores 
Individual Symptom Scores:       
      Fatigue 1.33 0.81 0.00 3.00 354 0.44 
      Cognitive dysfunction 1.19 0.87 0.00 3.00 354 0.56 
      Sleep disturbance 1.44 1.19 0.00 3.00 354 - 
      Depressed mood 1.25 0.83 0.00 3.00 354 0.89 
      Pain 0.77 0.89 0.00 3.00 355 - 
Composite Score:  
     
  
      Psychoneurological symptoms 5.98 3.47 0.00 14.11 353 0.80 
Maternal Outcomes             
Situational stress 4.62 2.58 0.00 12.00 356 0.60 
Role function 3.75 0.90 1.00 5.00 355 0.79 
Social function 3.61 1.24 1.00 5.00 355 - 
Physical function 2.66 0.53 1.00 3.00 355 0.70 
Positive Involvement -0.01 -0.66 -2.30 1.99 355 0.69 
Negative Control 0.01 0.84 -0.73 4.09 356 0.48 
Developmental Stimulation 0.00 0.88 -1.13 3.74 335 0.70 
Child Outcomes             
Social interaction 0.00 0.79 -1.46 3.04 318 0.70 
Developmental maturity 0.00 0.55 -3.28 3.89 318 0.36 
Irritability 0.00 0.93 -0.86 4.31 318 0.84 
 
The psychoneurological symptom burden variable was constructed using a composite 
score approach (Starkweather, Lyon, Elswick Jr., et al., 2013); fatigue, cognitive dysfunction, 
sleep disturbance, depressed mood, and pain were measured using 12 items from the Center 
for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977) and one item from the 
MOS Health Form (SF-12; Ware et al., 1996). First, the CES-D was deconstructed using face 
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validity and expert input to act as proxy measures for fatigue, cognitive dysfunction, and 
sleep disturbance. A score for the “depressed mood” symptom was created by summing the 
scores of the non-somatic items on the CES-D as done in prior psychoneurological symptom 
research (Ho et al., 2015). Pain was measured as pain interference using the SF-12 item 5: 
“During the past 4 weeks, how much did pain interfere with your normal work (including 
both work outside the home and housework)” (Hurst, Ruta, & Kind, 1998; Ware et al., 1996). 
Pain interference has been used as an indicator of pain for the psychoneurological symptom 
cluster and has significant correlations with pain severity and fatigue (Menzies et al., 2013). 
The dependent variables of interest were maternal function and child outcomes. 
Maternal function (physical functioning, social functioning and role functioning) was 
measured using four subdomains reported by the developers of the SF-12: physical 
functioning (alpha = .70), social functioning, role functioning (physical and emotional; alpha 
= .79). While the dimension of physical functioning addresses how health status limits the 
subject’s moderately strenuous activities, the dimension of role functioning instead measures 
how physical and emotional health have limited the participant’s ability to accomplish her 
goals. The dimension of social function, which includes a single item, measures how often 
physical or emotional health has interfered with the participant’s social activities. 
Mothering, a specific maternal function, was measured with the dimensions of 
positive involvement (proximity to child, warm touch, smiling at child, looking at child, 
playing with child, affectionate gestures; alpha = .69), negative control (shouting at child, 
hostility toward child, slapping or spanking child, scolding or derogation of the child, 
restriction of child; alpha = .48), and developmental stimulation (child-centered talking, 
teaching the child; alpha = .70). In the parent studies, these were assessed with the Maternal-
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Child Observation (MCO) and the Home Observation for Measurement of the Environment 
(HOME) inventory. The MCO consists of maternal and child behavioral scores derived from 
a 45-minute unstructured naturalistic videotape of the mother and child coded every 10 
seconds by trained video coders (Holditch-Davis, Beeber, Schwartz, Mendoza, & Perreira, 
2007). Further information on the coding is available (Holditch-Davis, Schwartz, Black, & 
Scher, 2007). The 45-item HOME is scored dichotomously (present/absent) for a range of 
scores from 0 to 45. The HOME was scored by the data collectors in the parent studies using 
data from direct observation and interview of the mother. Table 3.3 contains descriptive 
characteristics for each individual item included in the dimensions as well as for the 
dimensions.  
Child outcomes included both child behavior and child development. Child behavior 
was constructed as social interaction (positive affect, looking at mother, gesturing at mother; 
alpha = .70) from the MCO and HOME measures. Dimensions of a child’s developmental 
maturity was constructed as motor behaviors, walking, vocalization or talking from the MCO 
and HOME measures (alpha = .36). Irritability was constructed as the child’s negative affect 
and negative vocalizations (alpha = .84). Descriptive characteristics can also be found on 
Table 3.3. 
Procedures 
In the parent studies, consent was obtained from all mothers in each parent study over 
the age of 18; mothers between ages 15 and 17 provided assent with consent from a legal 
guardian. Institutional Review Board (IRB) approval was attained for each parent study from 
the University of North Carolina Chapel Hill IRB. Data collectors were trained on observer 
measures and videotape coders were trained on the MCO codes for both studies and retrained 
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Table 3.3.4Descriptive characteristics for individual items and dimensions of maternal/child 
behavioral outcomes. 
Dimension Variables Min Max Range IQR 
Mother           
Positive involvement,  
alpha = .69 
Interaction -2.30 1.54 3.84 1.57 
Uninvolved with child (reverse) -1.54 5.39 6.93 1.02 
Play with child -0.86 3.98 4.84 1.02 
Mother positive affect  -0.96 5.57 6.53 1.14 
Mother touch -1.10 3.81 4.91 1.21 
HOME subscale V -2.30 0.87 3.17 1.59 
Total -2.30 1.99 4.29 0.88 
Negative control, 
 alpha = .48 
Mother negative affect -0.53 6.18 6.72 0.79 
HOME subscale II (reversed) -0.73 2.80 3.53 1.18 
Total -0.73 4.09 4.82 0.91 
Developmental stimulation,  
alpha = .70 
Mother talk -1.77 2.17 3.94 1.52 
Teach -0.51 5.80 6.30 0.45 
Total -1.14 3.74 4.88 1.07 
Child 
    
  
Social interaction,  
alpha = .70 
Child positive affect -1.14 4.73 5.88 1.22 
Child look -1.93 3.60 5.53 1.26 
Child gesture -1.73 3.58 5.31 1.40 
Total -1.46 3.04 4.50 1.02 
Developmental maturity,  
alpha = .36 
Vocalize and talk -1.90 3.60 5.49 1.45 
Talk as % of vocalize and talk -16.59 2.02 18.61 0.04 
Play with objects -1.76 3.05 4.82 1.33 
Locomote and walk -1.28 4.12 5.40 1.56 
Walk as % of locomote and walk -2.28 16.63 18.91 0.08 
Total -3.28 3.89 7.17 0.65 
Irritability,  
alpha = .84 
Child negative affect -0.90 5.19 6.09 1.12 
Child negative vocal -0.82 3.73 4.56 1.12 
Total -0.86 4.31 5.17 1.09 
 
to acceptable reliability every 6 months. For the proposed study, the de-identified data from 
HILDA and ALAS was merged into a single dataset stored on an encrypted university drive. 
Data management and Analyses  
Data from the parent studies have been stored on the secure network of the University 
of North Carolina, Chapel Hill Research Information Technology Services. As recommended 
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by secondary analysis methodology (Magee, Lee, Giuliano, & Munro, 2006), the de-
identified baseline data from HILDA and ALAS were merged into a single dataset containing 
only the variables of interest using SAS Version 9.4 (SAS Institute, Cary, North Carolina). 
SAS Version 9.4 was used to create composite scores and for analysis of correlates. 
The five individual symptom scores (fatigue, cognitive dysfunction, sleep 
disturbance, depressed mood, and pain) were each scaled to a score from 0 to 3. These scaled 
scores were then added together into a single psychoneurological symptom score for each 
mother. Means, standard deviations, minimum and maximums were calculated for each 
individual symptom as well as the composite score. 
Multiple regression analyses were used to explore the relationships between 
antecedents (maternal demographics, situational stress) and the psychoneurological 
symptom score. The independent variables were entered simultaneously into regression 
analyses. Next, multiple regression analyses were used to examine the relationship of the 
psychoneurological symptom score to dependent variables for the mother (physical 
functioning, social functioning, role functioning, mothering) and child (behavior, 
development). Statistical significance was set at p < 0.05. 
Results 
Sample Information 
In the constructed dataset, the mothers had a mean age of 26.2 years (SD =5.8) The 
sample was 43.3% Black (African-American; non-Hispanic), 31.7% Hispanic/Latino, and 
18% White (Caucasian; non-Hispanic). The mothers had a median of 2 children under the 
age of 18 years old, indicating that most had more than just the one child minimum for 
enrollment in the parent studies. The average years of education for the mothers was 10.9 
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(SD = 2.8), indicating that the majority had not completed high school. Approximately half 
of the mothers (53.1%) reported being in a relationship.  
Symptom Scores 
 Of the individual symptom measured on 0 to 3 scale, the mothers reported sleep 
disturbance as highest (mean = 1.44, SD = 1.19), followed by fatigue (mean = 1.33, SD = 
0.81), depressed mood (mean = 1.25, SD = 0.83), cognitive dysfunction (mean = 1.19, SD = 
0.87) and pain symptom (mean = 0.77, SD = 0.89). Even though pain was reported as low, 
55% of the mothers endorsed pain as interfering with their function to some degree (n=194). 
All individual symptom scores were highly positively correlated each other as shown on 
Table 3.4. 
Table 3.4.5Pearson Correlation Coefficients for Individual Psychoneurological Symptoms. 
  Cognitive Dysfunction Sleep Disturbance Depressed Mood Pain 
Fatigue 0.53* 0.48* 0.52* 0.31* 
Cognitive 
Dysfunction - 0.51* 0.68* 0.35* 
Sleep Disturbance - - 0.53* 0.35* 
Depressed Mood - - - 0.36* 
*: p<.001 for all of the correlations 
 
 Out of a possible maximum of 15, the composite score for the combined 
psychoneurological symptoms ranged from 0 to 14.11, with an average of 5.98 (SD = 3.47). 
All individual symptom scores were highly positively correlated with the composite 
psychoneurological symptom score (p<.0001). 
Multiple Regressions 
Situational stress. We fit a multiple linear regression model to predict psychoneurological 
symptom score from situational stress score while controlling for maternal race/ethnicity, 
age, and education. Maternal race/ethnicity was self-reported and dichotomized as “white, 
non-Hispanic/Latina” (0) or other (1). Maternal education was dichotomized as completing 
 
  
Table 3.5.6Multiple linear regression (simultaneous) between chronic stress and psychoneurological symptoms with control 
variables. 
 
   
Stress 
Non-white or 
Hispanic/Latina Maternal age 
Did not complete high 
school 
 R
2 p n 𝜷𝜷 p 𝜷𝜷 p 𝜷𝜷 p 𝜷𝜷 p 
Psychoneurological  
     symptoms 0.30 <.001*** 349 0.72 <.001*** -0.45 .28 -0.03 0.35 0.34 0.28 
*p<.05. **p<.01. ***p<.001 
 
Table 3.6.7Multiple linear regression (simultaneous) between psychoneurological symptoms and maternal outcomes with control 
variables. 
 




Hispanic/Latina Maternal age 
Did not complete high 
school 
Maternal R2 p n 𝜷𝜷 p 𝜷𝜷 p 𝜷𝜷 p 𝜷𝜷 p 
Role function 0.43 <.001*** 349 -0.17 <.001*** 0.07 .45 0.00 .47 0.01 .87 
Social function 0.29 <.001*** 349 -0.19 <.001*** 0.13 .37 -0.01 .47 -0.13 .26 
Physical function 0.16 <.001*** 349 -0.06 <.001*** 0.08 .24 -0.01 .21 0.04 .48 
Positive  
     interaction 0.04 .01* 349 -0.02 .03* -0.24 .01* 0.00 .58 0.13 .07 
Negative control 0.04 .006** 349 0.03 .02* 0.13 .28 0.00 .73 -0.27 .003** 
Developmental  
     stimulation 0.12 <.001*** 329 -0.02 .19 -0.74 <.001*** 0.02 .01* 0.00 .97 
*p<.05. **p<.01. ***p<.001 
 
Table 3.7.8 Multiple linear regression (simultaneous) between psychoneurological symptoms and child outcomes with control 
variables. 
 




Hispanic/Latina Maternal age 
Did not complete high 
school 
Child R2 p n 𝜷𝜷 p 𝜷𝜷 p 𝜷𝜷 p 𝜷𝜷 p 
Developmental  
      maturity 0.04 .008** 313 0.00 .68 -0.03 .75 0.01 .33 -0.21 <.001*** 
Social behavior 0.02 .19 313 0.01 .68 -0.18 .13 0.01 .47 -0.14 .13 
Irritability 0.01 .51 313 0.02 .13 0.14 .34 0.00 .88 0.04 .70 




(0) or not completing (1) high school. A significant regression equation was found (F[4,344] 
= 36.04, p<.001), with an R2 of 0.30 and situational stress score was the only significant 
predictor of psychoneurological symptom score. Situational stress was positively correlated 
with psychoneurological symptom score (r=0.54, p<.001) before controlling for demographic 
variables. Findings for this multiple regression model are listed on Table 3.5. 
Mothers’ function. Multiple linear regression models were used to predict mothers’ function 
from psychoneurological symptom score while controlling for maternal race/ethnicity, age, 
and education, as in the situational stress model. A significant regression equation was found 
for the following functions and behaviors: role function (F[4,344] = 65.65, p<.001; R2 = 
0.43), social function (F[4,344] = 35.03, p<.001; R2 = 0.29), physical function (F[4,344] = 
15.97, p<.001; R2 = 0.16), positive interaction behaviors (F[4,344] = 3.21, p=.01; R2 = 0.04), 
and negative control behaviors (F[4,344] = 3.67, p=.006; R2 = 0.04). Psychoneurological 
symptom score was negatively correlated with the following functions and behaviors: role 
function (r=-0.66, p<.001), social function (r= -0.54, p<.001), physical function (r= -0.3, p 
<.001), and positive interaction behaviors (r=-0.09, p=.08).  For the variable, positive 
interaction behaviors, maternal race/ethnicity was also significant when controlling for the 
other factors, and was negatively correlated with positive interaction behaviors, indicating 
that fewer positive interaction behaviors were coded in the non-white or Hispanic/Latina 
mothers (r=-0.13, p=.02). The psychoneurological symptom score was positively correlated 
with negative control (r=0.11, p=.04). Negative control behaviors were negatively correlated 
with maternal education, meaning that mothers who had not completed high school were less 
likely to demonstrate those negative control behaviors (r=-.14, p=.006). 
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The final model, maternal function behavior of developmental stimulation, was 
significant (F[4,324] = 10.81, p<.001; R2 = 0.12) but the control variables of maternal 
race/ethnicity (p<.001) and maternal age (p=.01) were significant and not the 
psychoneurological symptom score (p=.19). Developmental stimulation was negatively 
correlated with maternal race/ethnicity, indicating that less developmental stimulation was 
coded in the non-white or Hispanic/Latina mothers (r=-0.32, p<.001). Developmental 
stimulation was positively correlated with maternal age, meaning that more developmental 
stimulation behaviors were coded with the older mothers (r=0.14, p=.01). Findings for these 
multiple regression model are listed on Table 3.6. 
Child outcomes. Finally, multiple linear regression models were used to predict child 
outcomes from maternal psychoneurological symptom scores. Again, each model controlled 
for maternal race/ethnicity, age, and education. Developmental maturity was a significant 
model (F[4,308] = 3.54, p=.008; R2 = 0.04) but the variation was significantly explained by 
maternal education (p<.001) and not by psychoneurological symptom score (p=.68). The 
child’s developmental maturity was negatively correlated with maternal education, indicating 
that children whose mothers had not completed high school demonstrated less developmental 
maturity when coded (r=-.20, p<.001). The models for child’s social behavior and irritability 
were not significant. Findings for these multiple regression model are listed on Table 3.7. 
Discussion 
Situational stress significantly predicted psychoneurological symptom levels when 
controlling for maternal race/ethnicity, age, and education. When controlling for the same 
variables, psychoneurological symptom level significantly predicted function (role function, 
social function, physical function, positive interaction behaviors, and negative control 
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behaviors) but did not predict any child outcomes. These findings reveal that, even in this 
disease agnostic population, psychoneurological symptom were present and their combined 
level was related to the stress level. In low income mothers, these symptoms are severe 
enough to impact the mother’s self-reported and observed function.  
These findings were consistent with what has been found in both the depression and 
the psychoneurological symptoms literatures. Past research has shown that depressive 
symptoms are related to compromised mothering in infancy and early childhood (Trapolini, 
Ungerer, & McMahon, 2008; Warnock, Craig, Bakeman, Castral, & Mirlashari, 2016). The 
current study extends these findings by limiting the included depressive symptoms to those 
that are linked to the experience of stress and by adding the symptom of pain. People 
experiencing depressive symptoms have shown a higher likelihood to report chronic pain 
compared to other individuals (Bair, Robinson, Katon, & Kroenke, 2003; Geisser, Roth, 
Theisen, Robinson, & Riley, 2000), and pain has been also associated with compromised 
function in mothers (Evans, Shipton, & Keenan, 2006, 2005; White & White, 2011). 
The lack of association between psychoneurological symptoms and child outcomes is 
consistent with findings from the two parent studies, which failed to link depressive 
symptoms with child outcomes in the same samples (Beeber et al., 2009, 2013). The child 
outcomes of interest (developmental maturity, social interaction, and irritability) varied 
across the wide age range of the children, who were 4 weeks to 54 months old at baseline. 
While some precautions were taken to avoid this problem, such as coding both locomotion 
and walking together, there is a range of normal timing for reaching developmental 




While this study did not demonstrate impacts of maternal symptoms on the child 
variables, we should not assume that are no impacts in this period or at later time points. 
Young children who still appeared to be in a developmentally appropriate window may 
already be falling behind what might be possible under optimal conditions. One potential 
negative impact of compromised mothering due to the psychoneurological symptoms is 
altered brain architecture. In early childhood, the most basic neural patterns are being 
established, which are vital structures for developing later complex networks (National 
Scientific Council on the Developing Child, 2014). It is possible that it is difficult to capture 
differences in these simplest developmental tasks, but that these differences might become 
more evident over time.  
These findings should be considered alongside a few study limitations. One limitation 
is that the use of data from two parent studies was limiting in how variables could be 
constructed. The situational stress scale was created for this study and is a dichotomous 
measure, giving only a gross measure of the differences in stress levels between these 
mothers. Further, while the stress score was constructed from maternal self-reported factors, 
the attribution of increased stress related to these factors was made by the researcher; the 
concept of psychological stress is often understood as having a component of subjective 
appraisal (Lazarus, 1966). Additionally, future research should utilize validated measures for 
each of the psychoneurological symptoms. As discussed above, the child outcomes were not 
significantly associated with other variables in this study or in prior studies. This may be due 
to the fact that the child outcomes were predominately created from the MCO, which was 
initially developed for use with premature babies in the Neonatal Intensive Care Unit 




Another possible limitation exists in the differentiation of demographic variables 
from situational stressors. For example, demographic factors such as race could also be 
considered situational stressors as they can expose mothers to stress in their social 
environment. We decided to differentiate based on how much the specific factor could vary 
across time—for example, race is immutable—and the unchanging factors have been labeled 
“demographic.” When considering the relationship of any demographic factors with 
symptoms, we attempted to consider the sociopolitical environment surrounding those 
factors. An example of that would be that, when dichotomizing race/ethnicity for the multiple 
regressions, the white non-Hispanic/Latina mothers were assigned to 0 while all other 
mothers received the code of 1 in order to be consistent with the fact that higher values on the 
situational stress scale indicated more exposure to chronic situational stress. 
Despite these limitations, our study provides a proof-of-concept for the presence of 
psychoneurological in a highly-stressed and disease agnostic sample. The use of a secondary 
dataset, while conferring limitations, allowed us to have minimal impact on the original study 
participants. Further, the dataset included a wide diversity of low income mothers across a 
number of demographic variables including race, ethnicity, country of origin, English 
language fluency, regional location, and urban/rural settings. 
Given the associations between psychoneurological symptoms and maternal function, 
it is imperative that future research seeks to interrupt the development or continuation of 
symptoms.  In seeking ways to intervene, studies should explore the biological processes that 
may be altered by exposure stress as mediators between situational stress experienced by low 
income mothers and the presence of psychoneurological symptoms. Additionally, researchers 
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could study the impact of maternal psychoneurological symptoms on the biological processes 
of their children, which may provide earlier indication of alterations than externally 
observable behaviors. Finally, interventions should be designed to target both biological and 
psychosocial mechanisms. 
Conclusion 
Low income mothers in this sample experienced situational stress that was 
significantly correlated with the intensity of their psychoneurological symptoms. The 
intensity of psychoneurological symptoms was also associated with their ability to function 
across a range of dimensions. Further research is needed that considers which biological 
mechanisms are altered that allow the stress to negatively affect the mother’s body, if there 
are ways that the mother’s compromised function is negatively affecting her children, and 




CHAPTER 4: MINIMALLY-INVASIVE METHODS FOR EXAMINING 
BIOLOGICAL CHANGES IN RESPONSE TO CHRONIC STRESS 
 
Introduction 
Chronic stress, often defined as repeated or constant exposure to psychological 
stressors (Gray, Kogan, Marrocco, & McEwen, 2017), can significantly impact an 
individual’s mental and physical health (American Psychological Association, 2011). 
Research has linked chronic stress with increased symptoms of fatigue (Strahler, Skoluda, 
Rohleder, & Nater, 2016), cognitive dysfunction (Lupien, Maheu, Tu, Fiocco, & Schramek, 
2007), and pain (Abdallah & Geha, 2017) as well as higher incidence of diseases and 
disorders such as heart disease (Wirtz & von Känel, 2017), stroke (Kronenberg et al., 2017), 
and depression (Schneiderman, Ironson, & Siegel, 2005). Both behavioral pathways, such as 
poor sleep hygiene and eating habits (McEwen, 2006), and underlying changes to biological 
processes help explain the connection between chronic stress and negative health outcomes. 
Some of the biological processes thought to contribute to the stress-health association include 
dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis, alterations to immune and 
inflammatory pathways (Schneiderman et al., 2005), and impaired adult neurogenesis 
(Calabrese et al., 2014). Given increased interest in understanding the connections between 
stress and health, many researchers are now collecting biological samples that can be assayed 
to provide measures of stress-related alterations to these biological processes. The purpose of 
the present paper is to provide a scoping review of the literature on minimally-invasive 
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biological indicators of systems that increase in response to chronic stress, in an attempt to 
catalyze research in this area. 
Minimally-invasive methods can be used to collect a variety of biological indicators 
and offer the opportunity to capture biological measures while creating less participant 
burden and fewer health risks than using more invasive or costly measures (McDade, 
Williams, & Snodgrass, 2007). Additionally, some vulnerable populations can be difficult to 
engage in studies (Kennedy et al., 2010; Nicholson, Schwirian, & Groner, 2015; Shavers-
Hornaday, Lynch, Burmeister, & Torner, 1997) and these methods may allow researchers to 
reach them more successfully. While the concept of “minimally-invasive” has not been 
clearly operationalized in the literature, for the purpose of this paper, a “minimally-invasive” 
method is defined as a measurement of a biological indicator that can be collected outside of 
the clinical setting (Heneghan et al., 2010; Herreros-Villanueva & Bujanda, 2016; McDade et 
al., 2007) with a low risk of mortality or complications (Smith & Sterling, 2009). For 
example, a single puncture blood draw would be considered minimally-invasive, but 
intravenous catheter placement would not be due to the risk of infection from the extended 
placement of the catheter and the need for highly-trained clinical personnel to place the line 
and monitor participant responses. 
Nurse researchers are particularly well suited to the study of the biological effects of 
chronic stress using minimally-invasive measures. Nurses are trained to consider where 
biology and behavior meet; nursing research focuses on biological processes as well as the 
lived experience of individuals, families, and communities (Grady & Gough, 2015). Thus, 
nurse researchers have the education and capacity to understand the complex social as well as 




Despite the fact that nurse researchers are well-positioned to utilize minimally-
invasive methods to capture biological responses to chronic stress in their work, to date no 
known scoping review(s) have been published to assist in evaluating and selecting possible 
minimally-invasive methods to use in research examining biological changes in response to 
chronic stress. Such a scoping review would provide a critical resource to help nurse 
researchers (and others) understand their options for testing the biological processes linking 
chronic stress and health, which could facilitate additional work in this area. Thus, using the 
guidelines from Joanna Brigg’s Institute (2015), this scoping review will map the current 
literature to address which biological indicators are being examined using minimally-
invasive methods in recent work. The paper will also discuss the potential benefits and 
challenges in utilizing various indicators. As a scoping review, the paper can be used as a 
starting guide for those interested in this type of research. 
As nurse researchers move forward with the use of minimally-invasive methods to 
investigate biological alterations in the face of chronic stress, they should be aware of which 
biological indicators have been recommended as common data elements to the National 
Institute of Nursing Research (NINR) at the National Institutes of Health. Common data 
elements are expected to be collected across studies in order to increase ease of combining 
data from those different studies; in doing so, nurse researchers worldwide will have access 
to publicly-available datasets with these indicators. In a position paper published by the 
Directors of NINR Centers of Excellence and Exploratory Centers, the authors identified 
hormones of the HPA axis (e.g., cortisol), immune and inflammatory markers (e.g., pro- and 
anti-inflammatory cytokines), and other biomarkers of interest (e.g., brain-derived 
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neurotrophic factor) as recommended biomarkers to collect (Page et al., 2018). All three 
categories are biological processes related to the experience of chronic stress and we used 
them to guide this review. 
Background 
Biological Systems Impacted by Chronic Stress 
In order to effectively utilize minimally-invasive biological indicators in their 
research, it is necessary to first understand the hypothesized biological responses that are 
occurring during chronic stress and how different indicators map on to the relevant biological 
systems. The potential biological responses to chronic stress have been heavily reviewed in 
the literature and thus will not be discussed extensively here. (Shields and Slavich have 
provided an excellent broad overview of stress, possible biological outcomes, and non-
biological measurements that would be helpful foundational reading for those new to the 
field (2017)). Rather, a brief overview of the biological systems that are affected by chronic 
stress and that can be measured with minimally-invasive methods is provided.  
Alterations to the HPA axis. In a seminal review, McEwen et al. (1997) described the 
function of the HPA axis as well as the potential effects of chronic stress exposure to 
alterations in functioning of the HPA axis. In brief, perception of an environmental threat can 
trigger an individual’s acute stress response, starting a cascade in which corticotrophin 
releasing hormone is released from the hypothalamus. When the corticotrophin releasing 
hormone reaches the anterior pituitary, adrenocorticotropic hormone (ACTH) is released into 
the circulatory system. The adrenal gland then recognizes the rise in adrenocorticotropic 
hormone and signals to the kidney to release cortisol. In a well-functioning, non-chronically 
stressed organism, the release of cortisol acts as negative feedback to the hypothalamus and 
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anterior pituitary gland, downregulating the release of corticotrophin releasing hormone and 
adrenocorticotropic hormone, thus “shutting down” the acute stress response. 
However, when acute stressors happen regularly, this negative feedback loop begins 
to “malfunction” (McEwen et al., 1997). More specifically, the constant stress exposure can 
lead to a chronic elevation of cortisol, and because the hypothalamus is consistently exposed 
to high levels of cortisol, it no longer responds appropriately to the downregulation, causing 
increased physiological pressure on the body. This can lead to additional negative effects 
including contributing to increased systemic inflammation and impairing adult neurogenesis. 
In addition to playing an important role in the acute stress response, cortisol is a metabolic 
hormone that is naturally released following a diurnal rhythm, with levels expected to vary 
throughout the day to facilitate energy expenditure and maintenance (Krieger, Allen, Rizzo, 
& Krieger, 1971). As such, multiple ways to capture the variation in cortisol levels that have 
been correlated with chronic stress. Three common measures are: (1) the cortisol awakening 
response; (2) the diurnal cortisol slope, and; (3) the area under the curve (Sin, Ong, Stawski, 
& Almeida, 2017). 
Existing evidence shows that chronic stress is associated with alterations to cortisol 
secretion; both exaggerated and blunted responses in the first hour after awakening have been 
observed among chronically stressed individuals (Miller, Chen, & Zhou, 2007). Based on a 
meta-analysis, factors that can affect the direction of changes to cortisol secretion are time 
since the experience of a major threat, type of threat, emotions related to the threat 
experience, and controllability of the stressor (Miller et al., 2007). Higher levels of cortisol 
are associated with stressors that are 1) more recent or chronic, 2) either physically or 
socially threatening, 3) induced the emotion shame, and 4) more controllable (Miller et al., 
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2007). Blunted levels of cortisol, on the other hand, are associated with stressors that 1) 
happened longer ago, 2) are related to loss, and 3) could not be controlled (Miller et al., 
2007). In sum, a wealth of research shows that chronic stress induces alterations to the HPA 
axis, resulting in both exaggerated and blunted cortisol responses. 
Alterations to Immune and Inflammatory pathways.  Chronic stress also alters the 
activation of the innate immune system, and more specifically the inflammatory response, in 
multiple ways. When initially presented with a stressor, an individual’s immune system has a 
rapid and non-specific initial response marked by increased circulation of pro-inflammatory 
proteins and inflammatory mediators (Irwin & Cole, 2011). Typically, the release of cortisol 
by the HPA-axis acts to inhibit this response by decreasing the transcription of genes related 
to pro-inflammatory cytokines and increasing the transcription of anti-inflammatory cytokine 
genes, bringing the body back toward a balanced equilibrium as the stressor subsides (Irwin 
& Cole, 2011). Researchers are able to measure levels of both pro-inflammatory (e.g. 
interleukin (IL)-1beta, tumor necrosis factor alpha) and anti-inflammatory (e.g., IL-10) 
cytokines circulating in peripheral blood. 
As Irwin and Cole (2011) describe, one mechanism by which chronic stress may lead 
to alterations in inflammation is through changes to the HPA axis. When cortisol levels 
become dysregulated in response to chronic stress (as reviewed above), cells of the immune 
system may stop responding to cortisol as they typically would. This lack of downregulation 
of inflammation in the presence of high levels of cortisol is known as glucocorticoid 
resistance; whereas typically cortisol acts as an anti-inflammatory signal, causing immune 
cells to decrease production of pro-inflammatory cytokines, under chronic stress this signal 
may be ignored, causing continued inflammatory responding. A second process by which 
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stress may lead to increases in inflammation is via the sympathetic nervous system, which 
causes the release of noradrenaline from the adrenal gland when stress is perceived. 
Consistent stress and heightened levels of noradrenaline can cause an increase in the 
transcription of pro-inflammatory cytokines, thus leading to greater inflammation in the 
body.  
Impaired adult neurogenesis. Adult neurogenesis is the creation of new neurons at any time 
past prenatal development; adult neurogenesis has been linked to better learning, memory, 
and mood regulation (Zhao, Deng, & Gage, 2008). Research has shown that certain growth 
factors, such as brain derived neurotropic factor (BDNF), are critical for adult neurogenesis 
to occur (Zhao et al., 2008). While measuring BDNF is not a direct indicator of adult 
neurogenesis, it is one of the only in vivo indicators of adult neurogenesis-related processes 
available to researchers (N. F. Ho, Hooker, Sahay, Holt, & Roffman, 2013). Chronic stress 
interrupts adult neurogenesis at multiple phases of neuronal development (Joëls, Karst, 
Krugers, & Lucassen, 2007) and can cause long term deficits in numbers of neurons present 
in the adult brain (Zhao et al., 2008). Researchers suggest that decreased adult neurogenesis 
may be an adaptive response that leads an individual to act with more caution in uncertain 
environments; however, these same adaptive neurological impacts of chronic stress can then 
work to block the return to baseline once the threat has passed (Cameron & Schoenfeld, 
2018), thus potentially causing disruptions to cognitive processes and mood regulation 
abilities. 
Objectives 
With this background on the biological processes that may be altered in the face of 
chronic stress in mind, the purpose of this scoping review is to map the biological indicators 
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being measured through minimally-invasive methods to investigate a variety of biological 
changes in response to chronic stress. The specific research questions of interest are: 
1. What are the characteristics of the minimally-invasive methods used to measure the 
biological mechanisms of chronic stress? 
a) What biological indicators are measured? 
b) What biological process is being targeted? 
c) How are biological indicators measured? (in what type of specimen) 
d) Who is measuring them/collecting the specimen? 
e) Where are they collected? (home, lab) 
f) How often measured? (single timepoint vs. multiple timepoints) 
g) What populations are studied in research using these minimally-invasive 
methods? 
2. What are the limitations suggested by the researchers regarding the use of the 
minimally-invasive methods and/or biological indices of biological processes 
identified above? 
Nurse researchers and others will be able use this review to identify minimally-invasive 
biological methods to index biological alterations in the face of chronic stress, and to better 
consider the benefits and limitations of integrating those methods into their own research. 
Methods 
Inclusion Criteria 
Types of Participants. The current review considered studies of human participants of any 
age and any health condition. Studies were included regardless of their specific target, and 
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might have focused on specified populations under stress, individuals with certain diseases, 
or generally healthy individuals. 
Concept. The concept of interest for this scoping review is the use of minimally-invasive 
methods to measure biological alterations due to chronic stress. To be included, studies 
needed to include a biological indicator that was collected in a minimally-invasive way. As 
defined earlier, a method is considered “minimally-invasive” if it can be collected outside of 
the clinical setting (Heneghan et al., 2010; Herreros-Villanueva & Bujanda, 2016; McDade et 
al., 2007) with a low risk of mortality or complications (Smith & Sterling, 2009). Given the 
recent recommendation by NINR center directors to collect specific biological indicators as 
common data elements, our review is focused on the recommended indicators related to 
chronic stress: hormones of the HPA axis (e.g., cortisol), immune and inflammatory markers 
(e.g., pro- and anti-inflammatory cytokines), and other biomarkers of interest (e.g., brain-
derived neurotrophic factor) (Page et al., 2018). 
Each study included in this review also included a non-biological chronic stress 
measure. This decision was made because researchers have historically relied on non-
biological measures of chronic stress such as self-report surveys or interviews. While 
biological indicators offer an opportunity to look at the biological processes more directly, it 
is important to consider construct validity between the biological and the non-biological 
conceptualizations of chronic stress, and to acknowledge that levels of the relevant biological 
markers may be altered for reasons beyond just chronic stress (e.g., inflammation may be 
elevated because a person was recently ill or suffering from allergies). The combination of 
biological and non-biological measures allows for greater confidence that alterations to 
biological processes are likely due to chronic stress and not a confounding factor. 
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Context. The current review considered studies conducted in any setting if the biological 
indicator could ultimately be collected outside of the clinical setting. This criterion was 
added due to the conceptualization of minimally-invasive methods. 
Types. This scoping review considered primary quantitative studies published in peer-
reviewed journals. 
Search Strategy 
The first author and a research librarian completed an initial search of PubMed and 
reviewed titles and abstracts to help specify the search terms. Next, the author compiled 
keywords from that search to create a search string using identified keywords, resulting in the 
following search: (Neurobiol* OR neurochem* OR brain) AND (“chronic stress”) AND 
(biomarker* OR inflamm* OR interleukin* OR cytokine* OR "HPA axis" OR 
"hypothalamic-pituitary-adrenal" OR cortisol OR neuropeptide* OR BDNF OR "brain-
derived neurotrophic factor"). The first author then completed a search of PubMed, 
PsycINFO, and Scopus. Any relevant studies published before the time of the search (June 
2017) were included in the screening. No date limits were set on when the study was 
published in an effort to capture as many relevant studies as possible. Only peer-reviewed 
studies published in English were considered for inclusion. 
Extractions 
 The first author created a standardized data extraction tool using recommendations 
from the Joanna Briggs Institute Manual, which was used by the RS, KT, and AV to 
complete data extractions. At the beginning of the extraction phase, the first author repeated 
five extractions on articles that were already completed by the second and third author in 
order to check for completeness, establish inter-rater reliability, and provide feedback on 
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using the extraction tool. The authors then extracted the following data from each paper: 
research purpose/hypotheses, geographic location of the study, sample size, population age, 
any specific disease or group sampled, whether low income populations were specifically 
sampled, information related to each type of minimally-invasive measure of a biological 
indicator (i.e., type of specimen, frequency of collection, location of collection, person 
conducting collection), and information related to each type of non-biological chronic stress 
measurement (i.e., name of scale and domain measured). Extracted data from each paper was 
entered by the first author into a spreadsheet, allowing the first author to review all the 




The initial search returned 811 articles with 671 articles remaining for screening after 
duplicates were removed, as shown in Figure 4.1. Two screeners independently reviewed the 
title and abstracts of the initial ten articles to test the screening criteria. Next, the two 
screeners met to review their decisions for inclusion and exclusion and discuss any 
disagreements; the screeners agreed across all ten studies, which established strong inter-rater 
reliability. Afterward, the title and abstract of the rest of the articles were screened 
independently by the two screeners. After completing the initial screen, the authors met to 
resolve any conflicts, following which 171 articles that met inclusion criteria remained. The 
authors excluded 499 articles at this stage, with common reasons for exclusion including: the 
papers being literature reviews, focusing on non-human subjects, or relating to other types of 
stress rather than chronic stress (e.g., post-traumatic stress disorder). 
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Figure 4.1 PRISMA diagram for scoping review of the minimally invasive methods for 
measuring biological indicators related to chronic stress. 
 
Next, the first author completed a full-text screening of all 171 remaining articles. 
The second author independently screened ten percent of the articles at this stage in order to 
minimize the risk of individual bias in selection. No conflicts arose. Through the full text 
screening, the authors excluded 95 articles (see Figure 4.1 for specific reasons each article 
was excluded). One specific reason for exclusion that should be noted was that studies were 
excluded if the only minimally-invasive measure related to chronic stress was a genetic 
polymorphism. While research does implicate single nucleotide polymorphisms in 
contributing to individual differences in response to stress (e.g., Chang et al., 2017; Sharpley 
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et al., 2018), genetic polymorphisms act as moderators of stress responsivity rather than 
indicating biological alterations related to chronic stress; as such, genetic polymorphisms 
were not included in the present review. In the end, the authors identified 77 articles that met 
all inclusion criteria and thus underwent data extraction. 
Description of Studies 
A summary table of the studies included in the review is provided (Table 4.1) and 
lists the paper titles, first author, year of publication, biological indictor measured, target 
processes, information on the minimally-invasive method used, and non-biological measure 
of stress included for each of the 77 included articles. The studies included in this review 
were conducted in a wide range of countries, including the United States (N=33), Germany 
(N=15), Canada (N=8), Brazil (N=4), Switzerland (N=3), the United Kingdom (N=3), China 
(N=2), Sweden (N=2), Australia (N=1), Belgium (N=1), the Democratic Republic of Congo 
(N=1), Greece (N=1), Luxembourg and Germany (N=1), South Korea (N=1), and Spain 
(N=1). This highlights the global interest in using minimally-invasive methods to understand 
the biological alterations due to chronic stress. 
All of the included studies were published within the past twenty years, with an 
increasing trend of publication through to the present year. The years of publication included 
are 1998 (N=1), 1990 through 1999 (N=3), 2000 through 2009 (N=20), and 2010 through 
June 2017, when authors ran the literature searches (N=53). Of those, the most studies were 
published in 2016 (N=10), which was the last full year represented in the literature searches. 
Minimally-invasive Methods 
Biological Indicators. The HPA axis was most commonly assessed. Specifically, there were 
82 occurrences of the measurement of cortisol across the included studies. Cortisol was 
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collected in a variety of ways, including salivary samples (N=62), hair samples (N=10), 
blood samples (N=6), and urine samples (N=4). Cortisone, a hormone closely related to 
cortisol, was also measured (N=1). Gene expression of glucocorticoid receptors, the binding 
site for cortisol, was measured through glucocorticoid receptor mRNA (N=1). Researchers 
also collected two other biological indicators that measure the HPA-axis, ACTH (N=3) and 
dehydroepiandrosterone (DHEA; N=1).  
The sympathetic nervous system also responds to stress and is activated before the 
HPA-axis; studies measured that activation through the hormones norepinephrine (N= 3) and 
epinephrine (N=2) and through the protein salivary alpha amylase (N=3). 
Immune and inflammatory markers were measured in 42 occurrences across studies. The 
most commonly collected marker was an inflammatory marker, interleukin-6 (IL-6; N=9); C-
reactive protein, which is stimulated by IL-6, was also measured in multiple studies (N=8). 
Other pro-inflammatory markers that were measured include interleukin-1 beta (IL-1 ; 
N=3), interleukin-2 (IL-2; N=2), tumor necrosis factor alpha (TNF- ; N=3), interferon-
gamma (N=1), and interleukin-8 (IL-8; N=1). Studies also measured interleukin-1 (IL-1) 
receptor agonists (N=2), a protein that binds to the receptor and prevents IL-1 from binding, 
thus inhibiting the pro-inflammatory actions of IL-1 and IL-1 . Only one study measured 
an anti-inflammatory marker, interleukin-10 (IL-10; N=1). Other molecules were measured 
that also may indicated inflammation, such as D-dimers (N=1) and F2-isoprostane levels 
(N=1).  
In addition, biological indicators of innate immune function were measured in the 
included studies. Monocyte gene expression was measured to evaluate the genes that were 
relatively upregulated and downregulated (N=1). Studies measured numbers of lymphocytes,  
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which are common immune markers, as general lymphocytes, peripheral blood leukocytes, 
and peripheral blood mononuclear cells (N=5). Studies also measured other immune cells, 
including counts of CD4 cells (N=1), CD8 cells (N=1), CD16 cells (N=1), and S-IgA (N=1). 
Across all of the studies, only one indicator of neurogenesis, brain-derived neurotrophic 
factor (BDNF), was measured directly (N=1).  
Additionally, there were 8 occurrences of other or non-specific processes being 
targeted. These include allostatic load (N=3), a composite indicator that includes multiple 
biological measures and was constructed across the studies in a variety of ways as shown in 
the Appendix; DNA methylation (of DNA from maternal venous blood, placental tissue, and 
umbilical cord blood; N=3); and leukocyte telomere length (N=1), a nucleoprotein that 
protects chromosomes. 
Targeted biological process. The proposed common data elements recommended to NINR 
included measures of the HPA axis, immune and inflammatory markers, and markers of 
neurogenesis (Page et al., 2018). These were all measured in minimally-invasive ways, 
across the included studies: HPA axis (N=69), immune and inflammatory markers (N=16), 
and neurogenesis (N=1). Additional biological processes targeted by the studies included 
allostatic load (i.e., a compilation of measures across systems that acts as a more holistic 
indicator of altered function across systems; N=3), indicators related to nervous system 
function (N=3), and 2 indicators related to other potential processes of chronic stress. Some 
studies looked at multiple biological processes within an individual study (N=17) and many 
studies included multiple measures of the same biological process. 
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Specimen measured. Multiple specimen types were collected across the included studies 
and minimally-invasive measures: saliva (N=66, with 62 measuring salivary cortisol), blood 
(N=37), hair (N=10, will all 10 measuring cortisol), urine (N=5), and placental tissue (N=1). 
Data collectors. Many included studies did not specify who collected the specimen (N= 44). 
For many other studies, the research participant collected the samples themselves (N=45). 
Samples were also collected by nursing staff (N=10), research assistants (N=8), lab 
technicians (N=7), and parents of the participant (N=4). 
Collection site. Biological indicators were collected in a variety of locations. Most were 
collected in the participant’s home (N=49) or in the research laboratory (N=56). Other 
locations included hospitals (N=2) and an incarceration facility (N=1). In some studies, 
collection site was not specified (N=11). 
Frequency. Some studies only included biological indicators that required a single 
measurement (N=16). Others included biological indicators required sample collection more 
than once during the study (N=61). 
Populations studied. A variety of populations were included in the reviewed studies. Some 
included participants who were under 18 years old (N=17). Many included participants from 
healthy or disease agnostic populations, meaning the samples did not target participants with 
specific diseases or diagnoses (N=41); studies targeted a wide range of disease-specific 
populations (e.g. chronic pelvic pain syndrome, traumatic brain injury), which are listed in 
the appendix. Sometimes, caregivers of family members with a variety of illnesses were 
sampled (N= 7). Only a few specifically targeted low income populations (N=3). 
Suggested Limitations 
A number of limitations were suggested in the papers regarding the use of salivary 
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cortisol, hair cortisol, brain-derived neurotrophic factor, inflammatory markers, allostatic 
load, peripheral blood mononuclear cells, and beta-2 adrenergic receptor sensitivity. The 
three most commonly suggested limitations were the potential for interference by certain 
prescription medications, female menstrual cycle stage, and the time of sample collection.  
Based on the included studies, salivary cortisol collection may be impacted by each 
commonly cited limitations. An individual’s use of anxiolytics and antidepressant medication 
may impact salivary cortisol levels (Corrêa et al., 2015), as can a woman’s phase in her 
menstrual cycle (Dedovic et al., 2010; Ostiguy, Ellenbogen, Walker, Walker, & Hodgins, 
2011; Stalder, Evans, Hucklebridge, & Clow, 2011). One suggested way to combat this 
limitation was to only include women with regulated cycles (Wolfram, Bellingrath, 
Feuerhahn, & Kudielka, 2013), and/or to assess (via self-report) where women are in their 
cycle and use that information as a covariate in analysis. Salivary cortisol is expected to 
follow a diurnal pattern throughout the day and thus collection time is crucial for sampling 
(Desantis, Adam, Hawkley, Kudielka, & Cacioppo, 2015; Michels et al., 2013; Stalder et al., 
2011).  
There were other limitations suggested for the use of salivary cortisol. Possible 
confounding factors include the amount of light at the time of waking (Souza-Talarico, 
Chaves, Nitrini, & Caramelli, 2009) and the subject’s sleep duration and quality over the 
prior night and beyond (Dedovic et al., 2010). Further, researchers commented that cortisol is 
expected to fluctuate throughout the day so studies are limited in their findings by how many 
samples are taken (Tarullo, St. John, & Meyer, 2017). However, if researchers try to 
counteract this limitation by requiring a large number of samples per day for each individual 
in the study, they may end up with a convenience sample of those participants who are 
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willing and able to withstand the additional burden of collecting multiple samples (Corwin et 
al., 2013). Additionally, one study found that racial and ethnic minorities were slightly less 
likely to complete all samples (Desantis et al., 2015). Other studies cited attrition issues in 
the sample, though did not report any racial or ethnic differences (Bay, Hagerty, Williams, & 
Kirsch, 2005; Miller, Murphy, et al., 2014). 
Other issues with salivary cortisol collection include concerns specific to certain 
populations of interest and with the sample collection itself. Because infants have not 
developed a consistent circadian cortisol rhythm, it is difficult to determine when to collect 
saliva samples to be assayed for cortisol (Huggenberger, Suter, Blumenthal, & Schachinger, 
2013). Researchers raised concerns about the accuracy of samples collected at home (which 
was very common with salivary cortisol measurement), both in timing (Bay, Sikorskii, & 
Fuli Gao, 2009; Corwin et al., 2013; Flom, St. John, Meyer, & Tarullo, 2017; Juster, Smith, 
Ouellet, Sindi, & Lupien, 2013; Michels et al., 2013; Ostiguy et al., 2011; Stalder et al., 
2011; Tarullo et al., 2017) and in adhering to data collection procedures specified by the 
research team (Bay et al., 2005; Dedovic et al., 2010; Duan et al., 2013). Other researchers 
noted that it is difficult to time-link acute stressors with the collection of the cortisol (Ostiguy 
et al., 2011), and that if salivary cortisol is only measured for a short time and another 
biological indicator is collected over a longer time, any resultant correlation may not reflect 
true biological correlation (Juster et al., 2011). Further, one study noted that is unreasonable 
to try to represent the entire HPA axis process through measurement of salivary cortisol 
alone (Voellmin et al., 2015). 
Collecting cortisol in hair also has limitations. Frequency of hair washing can impact 
the results. One study documented a limitation that multiple subjects refused to participate in 
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the hair collection given that it requires snipping a lock of hair (Yang et al., 2016). In some 
cases, this was because the subjects were unwilling to undo their braids or extensions (Ford, 
Boch, & McCarthy, 2016). The researchers reflected that there are some cultural issues and 
cultural traumas associated with hair cutting, particularly among African American and 
Native American populations (Ford et al., 2016). Some participants may be more willing to 
participate if thinning shears are used to collect the hair sample, as they require less visible 
hair removal, but they also require more training on the part of the data collector (Ford et al., 
2016). Another limitation is that some participants will have hair that is too short to collect 
adequate samples (Ford et al., 2016; Tarullo et al., 2017). Finally, it is unclear how quickly 
hair grows in a newborn; in adults, it is suggested that 1 centimeter of hair represent 1 month 
of cortisol levels, but this may not hold true in infants and requires further study (Flom et al., 
2017). 
 Only one limitation was suggested for the measurement of BDNF: the levels can be 
impacted by the participant’s use of antidepressants (Corrêa et al., 2015). However, given 
that only one identified study included BDNF as a measure, it is possible that additional 
limitations exist that have not been fully explicated in the literature to date. More research on 
BDNF is needed to fully understand the limitations of its measurement through minimally-
invasive means. 
Limitations were also suggested for the collection of inflammatory markers. For 
example, the use of statin drugs can interfere with levels of inflammatory markers (Graham 
et al., 2006). Collection times are a concern as measuring at only one time point may not 
accurately capture activation of the inflammatory cascade and variability over time (Davis et 
al., 2008; Marsland, Sathanoori, Muldoon, & Manuck, 2007). Other factors to consider 
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include measuring pain levels, especially any pain related to inflammatory processes, as that 
may interfere with ability to correlate any findings regarding inflammation with stress levels 
(Graham et al., 2006). One suggestion for countering the limitations for the collection of 
inflammatory markers is to use a larger sample size, which would decrease the impact of 
known modifiers (e.g. sleep disturbance, disease categories, medications) as well as unknown 
modifiers (von Känel et al., 2006). 
A few other biological indicators measured in the included studies had suggested 
limitations. There were two limitations reported for allostatic load. The first is a very basic 
issue: there is no consensus on how to best measure allostatic load (Juster et al., 2013). 
Further, it is expected that some measurements of allostatic load are influenced by factors 
other than stress, but it is unclear what those other factors are so it is difficult to appropriately 
control for them (Juster et al., 2013). The collection of peripheral blood mononuclear cells, 
another biological indicator, can be difficult because it is a rare cell, leading to a high 
variability when measuring (Aschbacher et al., 2017), and the collection can be influenced by 
time of day and sex hormones (Gupta et al., 2017). Finally, antihypertensives and 
antidepressants can interfere with beta 2-adrenergic receptor sensitivity (Mills et al., 1997). 
Other Findings 
While not a direct research question of the scoping review, data were collected on 
which non-biological chronic stress measures were used by each study for 
inclusion/exclusion purposes. To increase construct validity, each study included in this 
review had to use a non-biological chronic stress measure. The most commonly used 
measures were the Perceived Stress Scale (N=26) (Cohen, Kamarck, & Mermelstein, 1983; 
Cohen & Williamson, 1988), Trier Inventory for the Assessment of Chronic Stress (N=16) 
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(Schulz & Schlotz, 1999), and the University of California at Los Angeles (UCLA) Life 
Stress Interview (N=3) (C. Hammen et al., 1987). Some studies developed their own stress 
questionnaire (N=8) or interview (N=4). One study referenced a non-biological measure of 
stress in the results section but did not specify the measure used. 
Discussion 
The present scoping review examined 77 articles looking at biological processes that 
may be affected by chronic stress and that can be collected using minimally-invasive 
methods. The results demonstrate that salivary cortisol is the most commonly studied 
measure, that the HPA axis is the most common target process of interest, and that, when 
minimally-invasive methods are chosen, biological indicators are most likely to be measured 
through blood or salivary samples. 
Measuring Each Target Process 
 In their recent article, the NINR Center directors described some of the considerations 
researchers should make when measuring the HPA axis, immune and inflammatory markers, 
and neurogenesis (Page et al., 2018). In this section, we will discuss recommended design 
elements (e.g. sample size, tissue specimen, timing, possible factors of influence) in further 
detail.  
HPA axis. Cortisol has been identified and recommended as an HPA axis marker by NINR 
(Page et al., 2018). Cortisol levels can be measured in multiple ways, such as the cortisol 
awakening response, the diurnal slope, and the total cortisol released in a 24-hour period 
(area under the curve; AUC). Evidence suggests that the cortisol awakening response is 
regulated independently from the overall release of cortisol (Clow, Thorn, Evans, & 
Hucklebridge, 2004), and researchers interested in measuring the cortisol awakening 
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response should explore the recently published guidelines from experts in the field (Stalder et 
al., 2016).  
In general, timing of measurement should also be considered carefully when 
assessing cortisol levels. As discussed in the introduction, cortisol typically follows a diurnal 
pattern of release, with the highest levels expected shortly after awakening (Krieger et al., 
1971). Thus, timing of sample collection must be carefully considered. Researchers 
recommend aligning the collection with a subject’s wake time (Kumari, Shipley, Stafford, & 
Kivimaki, 2011). Additionally, the day of the week may impact cortisol measures, as the 
cortisol awakening response tends to be higher during the work week (Clow et al., 2004). 
In order to capture variations in diurnal cortisol, the recommendation is to collect at 
least one morning and one evening level for multiple days (Segerstrom, Boggero, Smith, & 
Sephton, 2014). Segerstrom et al (2014) determined that to detect differences between 
subjects, between 4 and 10 days of collection are necessary, depending on the parameter (i.e., 
AUC or diurnal slope). To detect differences in the same subject over time, between 3 and 8 
days of collection are needed (Segerstrom et al., 2014). However, it should be noted that 
measuring only two times (morning and evening) will not allow for the calculation of the 
cortisol awakening response, which requires a sample immediately upon waking and then a 
second sample 30 to 60 minutes after waking. Thus, if a researcher wants to capture all 
elements of the diurnal cortisol rhythm, at least three samples (waking, 30 minutes post-
waking, and evening) are needed. One-time measures of cortisol should be avoided as single 
measures can lead to highly unreliable  inferences about alterations in the HPA axis (Miller 
et al., 2007). 
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Cortisol levels can be altered by other factors that should be measured to be included 
in statistical analysis, including sex, oral contraceptive use, age, and cigarette smoking status 
(Clow et al., 2004). 
Inflammation. NINR suggests multiple inflammatory cytokines as possible common data 
elements to measure, including both pro-inflammatory and anti-inflammatory markers (Page 
et al., 2018). With regard to timing of measurement, researchers should assess a subject’s 
recent stressors because acute stressful events can impact circulating inflammatory markers 
(O’Connor et al., 2009). An extensive review on the impact of psychosocial and biological 
factors on circulating inflammatory markers recommends controlling for variables such as 
age, sex, socioeconomic status, and body mass index (O’Connor et al., 2009). Some 
medications, such as certain anti-depressants and antihypertensives, can also impact 
inflammatory markers, as can alcohol use (O’Connor et al., 2009). Some behaviors, such as 
recent or excessive caffeine use, sleep deprivation, or current smoking, are cited as reasons to 
exclude subjects from studies examining inflammation altogether (O’Connor et al., 2009).  
Neurogenesis. NINR recommends the measurement of BDNF, a neuropeptide that is 
necessary for adult neurogenesis, as a common data element (Page et al., 2018). BDNF levels 
were only measured in one study included in this review. Recent research has shown that 
serum should be used as the primary measure of BDNF as saliva sampling was unreliable 
(Vrijen, Schenk, Hartman, & Oldehinkel, 2017). Serum can be sampled in a minimally-
invasive way as defined by this review, but does still require a needle stick, which some 
subjects may find too invasive for their comfort. Given that even indirect measures of adult 
neurogenesis are highly limited, researchers may be interested in including a measure of the 
single nucleotide polymorphism Val66Met, a polymorphism in the BDNF coding genes. Two 
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excluded studies measured this polymorphism using minimally-invasive methods (Jiang, 
Brummett, Babyak, Siegler, & Williams, 2013; Rabl et al., 2014). While the polymorphism 
would not be modifiable due to chronic stress, its presence may indicate heightened 
vulnerability to the negative effects of stress. 
Multiple other factors should be considered when planning to measure BDNF. Like 
cortisol, BDNF is released in a diurnal rhythm in healthy subjects, so researchers must 
consider timing of measurement when collecting samples (Giese et al., 2014). When 
measuring BDNF in serum specimens to measure group differences, researchers should plan 
for 60 subjects per group to detect a 20% difference with 80% power (Naegelin et al., 2018). 
Groups will need to have 200 subjects in order to detect 10% differences (Naegelin et al., 
2018). BDNF levels are weakly associated with age (Naegelin et al., 2018). Depression and 
some neurodegenerative diseases, such as Alzheimer’s disease, are also associated with 
different serum levels of BDNF (Naegelin et al., 2018). Finally, acute exercise may increase 
BDNF levels (Naegelin et al., 2018) and thus should be avoided prior to data collection. 
Special Populations 
The main purpose of this paper was to review studies that utilized minimally-invasive 
methods to investigate the biological processes that may be altered by chronic stress in order 
to organize this information for nurse researchers. The hope is that using minimally-invasive 
measures could create less participant burden, confer fewer health risks, and increase 
engagement of difficult-to-reach populations, which would in turn contribute to the scientific 




Chronic stress has been named as a potential process underlying health disparities, so 
it is especially important to conduct research with populations negatively impacted by social 
determinants such as socioeconomic status or perceived discrimination (American 
Psychological Association, 2011). Unfortunately, these populations can be difficult to reach 
and engage in research (Kennedy et al., 2010; Nicholson et al., 2015; Shavers-Hornaday et 
al., 1997). The use of minimally-invasive methods may increase the willingness of 
individuals from these populations to participate in research studies, especially if the research 
can occur in their own communities or homes (Beeber, Cooper, et al., 2007). Three studies in 
the current review directly targeted low income populations. One study focused on salivary 
cortisol (Desantis et al., 2015), another sampled cortisol from hair (Ursache, Merz, Melvin, 
Meyer, & Noble, 2017), and the last used both salivary cortisol and a blood draw to 
determine circulating levels of IL-6, IL-1beta, interferon-gamma, TNF-alpha, and IL-10 
(Corwin et al., 2013). Given the proven feasibility, these methods may be worth considering 
if a researcher is targeting low income populations. 
Children can be another difficult to reach population that is critical to study when 
considering the intergenerational impacts of chronic stress. Out of the 82 studies included in 
this review, 17 included individuals under the age of 18, with the majority of those studies 
collecting samples through saliva or hair. Salivary sampling is both feasible and acceptable to 
pediatric populations and their parents (Roth et al., 2017). On the other hand, prior research 
has revealed parental resistance to more painful collections of biological indicators such as 
blood draws (Langley, Halperin, Mills, & Eastwood, 1998). Parents may be more likely to 
consent to blood draws for their child if the collection occurs in the home and if the parents 
can reach study staff at any time (Jay, Chantler, Lees, & Pollard, 2007). If researchers are 
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considering a blood draw as a potential minimally-invasive method in a pediatric population, 
further feasibility testing is advised to ensure acceptability. While none of the studies 
included in this review collected blood specimens using dried blood spots, that method may 
be particularly useful with children as it is an even less invasive method than venipuncture 
and requires a limited volume of blood for analysis (Enderle, Foerster, & Burhenne, 2016). 
For those researchers interested in the possibility of using dried blood spots, this review by 
Enderle, Foerster, and Burhenne (2016) is targeted at increasing the accesibilty of this 
collection method. 
Limitations of Scoping Review 
In general, due to the breadth of questions investigated, scoping reviews are limited in 
what detail is provided for each study. The scoping review is, instead, meant to give a 
general map of the literature that readers can use as a starting guide. One limitation specific 
to this scoping review is that 66 articles were excluded for not including a non-biological 
measure of chronic stress, possibly resulting in a skewed sample. However, that exclusion 
criterion also granted the benefit of increased construct validity and provided conceptual 
depth for chronic stress. A second specific limitation is that the exact time of day of the 
sample collections was not extracted, which could have been particularly relevant for any 
researchers considering the use of salivary cortisol measurement by participants. Such 
researchers are encouraged to review the Table 4.1 to determine which reviewed studies 
utilized salivary cortisol to get further information. 
Conclusion 
The objective of this review was to consider the minimally-invasive methods being 
used to investigate biological alterations in the face of chronic stress. Results indicate that 
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salivary cortisol is the most commonly collected and that the HPA axis is the most common 
target out of the biological processes discussed in this paper. Moving forward, nurse 
researchers should consider the potential usefulness of minimally-invasive methods for 





CHAPTER 5: SYNTHESIS 
 
Introduction 
The objective of this dissertation was to investigate the presence of the 
psychoneurological symptoms in low income mothers, if they are associated with maternal 
stress, and whether they are related to functional outcomes for the mothers and 
developmental outcomes for their young children. The Aim 1 manuscript (second chapter) 
was focused on comparing two methods for determining the psychoneurological symptom 
score for each mother, the date-naïve composite scoring method and the data-driven reduced 
rank regression (RRR) method. The Aim 2 and Aim 3 manuscript (third chapter) was focused 
on exploring the association between the mother’s psychoneurological symptom score and 
her situational stress, her function, and her child’s outcomes. First, the hypothesis was tested 
that psychoneurological symptoms would be significantly associated with chronic stress. 
Next, the hypothesis was tested that the psychoneurological symptoms would be significantly 
correlated with compromised maternal function. Finally, it was hypothesized that maternal 
psychoneurological symptoms would be associated with developmental differences in their 
young children. The Aim 4 manuscript (fourth chapter) was focused on investigating the use 
of minimally-invasive measures of biological processes affected by chronic stress in the 




The primary findings of the Aim 1 manuscript were that the composite score 
approach to creating the symptom score captured a significant portion of the variation 
captured by the RRR approach, thus indicating that the composite score was appropriate for 
use in the remaining analyses. By using the RRR analysis, we found that pain and depressed 
mood were the two symptoms making the most significant contributions to variations in 
maternal function. The primary findings of the Aim 2 and Aim 3 manuscript were that 
situational stress were significantly associated with psychoneurological symptoms and that 
psychoneurological symptoms were significantly associated with maternal function across 
multiple domains including role function, social function, physical function, and certain 
mothering behaviors (positive interaction and negative control). The psychoneurological 
symptom score was not significantly associated with the mothering behavior of 
developmental stimulation or any of the child outcomes (developmental maturity, social 
behavior, or irritability). The primary findings of the Aim 4 manuscript were that salivary 
cortisol was the most frequently used minimally-invasive method for measurement and that 
researchers have been most likely to investigate the role of the hypothalamic-pituitary 
adrenal axis when studying biological impacts of chronic stress. 
Theoretical Grounding 
 
In the nursing metaparadigm, there are four main concepts: person, health, nursing, 
and environment (Fawcett, 1984). Nurses have long understood that people are impacted by 
the situations they find themselves in, and that certain situations have a deleterious effect on 
their health (Nightingale, 1860). This dissertation reveals that the stress these mothers are 
under, due to limited resources, hazardous environments and maternal responsibilities, is 
associated with the presence of symptoms of cognitive dysfunction, fatigue, sleep 
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disturbance, depressed mood, and chronic pain. These psychoneurological symptoms, in turn, 
are associated with compromised function for the mothers. 
Nurses are rarely content to identify a problem without attempting to provide a 
solution. It is outside of the role of nursing to remove the situational stressors that the 
mothers find themselves in; for that, we need deep societal changes and policy. What nursing 
can offer are interventions to prevent the progression of stress to symptoms and to alleviate 
the symptoms to diminish their effects on function. As discussed previously in the 
dissertation, prior interventions have been aimed at depression and/or depressive symptoms 
and have had variable effectiveness (Appleby et al., 1997; Beeber & Miles, 2003; Forman et 
al., 2007; Miranda et al., 2006). The Symptoms Experience Model (Armstrong, 2003) 
provides a frame to step back from Major Depression diagnoses and consider the symptoms 
the mothers are reporting in a new light. The medical model is to seek a cure for any given 
diagnosis and psychiatric disorders require a specific constellation of symptoms in order to 
qualify for those diagnoses (American Psychiatric Association, 2013). Two issues with this 
model are that 1) we do not currently have a treatment that is effective for every case of 
depression and 2) many people exhibit debilitating symptoms without qualifying for the 
diagnosis. By using a symptom model, we are able to reach people across the range of 
symptom expressions in an effort to alleviate their suffering.  
By relying on the lens of psychiatric diagnoses, we may have missed other relevant 
symptoms to target when developing interventions. This dissertation work suggests that 
chronic pain is both associated with the experience of stress and key to the compromised 
function of some mothers. Perhaps interventions would be more effective if they addressed, 
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or at least acknowledged, the mother’s experience of chronic pain as related to her situational 
stress.  
The National Institutes of Health Symptom Science Model was developed to guide 
research in symptom science towards intervention development (Cashion & Grady, 2015). 
The first step of the model is the identification of a cluster of symptoms; the research in this 
dissertation reveals the presence of the psychoneurological symptoms in a disease agnostic 
sample of low income mothers. The next step of the model is to create a phenotype for the 
symptoms and identify the associated factors, such as the experience of higher levels of 
situational stress. This dissertation begins the process of symptom identification and 
phenotypic characterization in chapters 2 and 3. The third component is seeking the 
biological pathways that underlie the symptom development and expression. Chapter 4, the 
scoping review on minimally-invasive methodologies for collecting biomarkers related to 
stress, is a bridge towards this component of the model that will be explored further in future 
research. The final step of the Symptom Science Model is in the development of clinical 




Reduced Rank Regression Analysis 
Given the structure of this dissertation, some of the bridges between the chapters are 
clear. For example, chapter 2 discusses the statistical methods for measuring the 
psychoneurological symptoms, which was a necessary step in for completing the multiple 
regression analyses of chapter 3. Without using the RRR step, it would have been difficult to 
attest that the simple composite score was capturing a meaningful symptom cluster, as we 
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would have had to rely solely on the theoretical argument. As discussed in chapter 2, though, 
the score derived from the reduced rank regression analysis acted as a sensitivity analysis for 
the composite scoring method. 
The RRR analysis method also provides exciting opportunities related to the 
biological indicators and minimally-invasive methods of chapter 4, the scoping review. That 
chapter reveals that there are multiple indicators that reflect possible changes to the 
interrelated biological mechanisms that can be impacted by an individual’s experience of 
chronic stress. This is similar to prior findings and the theory of allostatic load, which is often 
measured through a composite score of multiple biological factors (Read & Grundy, 2012; 
Seplaki, Goldman, Glei, & Weinstein, 2005). Even if a researcher were to want to focus more 
narrowly on a single biological mechanism, such as the innate immune/inflammatory 
response, there are multiple biological indicators that could be contributing to the picture 
such as IL-6, IL-10, TNF-alpha, etc. In future research, RRR analyses could be used to 
determine which biological indicators are contributing the most to an individual outcome, 
such as the presence of a single symptom like chronic pain, or to multiple outcomes, like an 
entire symptom cluster (chronic pain, depressed mood, cognitive dysfunction, fatigue, and 
sleep dysfunction). RRR analyses offer unique capabilities for calculations that include 
multiple predictors and/or outcomes (Izenman, 1975), allowing for a much wider range of 
research questions. 
Biological Mechanisms Underlying the Psychoneurological Symptoms 
According to the NINR symptom science model, the next step in this research is to 
test the underlying biological mechanisms connecting the experience of chronic stress with 
the development of these psychoneurological symptoms (Cashion & Grady, 2015).  Prior 
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research on the psychoneurological symptom cluster has identified multiple potential 
biological pathways linking the symptoms to each other. These include the hypothalamic 
pituitary adrenal axis (Kim et al., 2012; Starkweather, Lyon, Elswick, et al., 2013), innate 
immune/inflammatory processes (Kim et al., 2012; Starkweather et al., 2017; Starkweather, 
Lyon, Elswick, et al., 2013), monoamine neurotransmitter synthesis (Lyon et al., 2018) and 
neurotransmission system (Kim et al., 2012), gut microbiome (Bai, Behera, & Bruner, 2018; 
Kelly, Lyon, Yoon, & Horgas, 2016), and the epigenome and genome (i.e. telomere length; 
Aboalela et al., 2015; D. Lyon et al., 2014; Angela R Starkweather et al., 2013). Genetic 
polymorphisms, which would not change with intervention but might influence the type of 
intervention needed to manage symptoms, have also been implicated (Yang et al., 2019). 
Undoubtedly it is more complex than this, but for example, perhaps some mothers have a 
gene that causes their bodies to alter their monoamine neurotransmission system when they 
experience chronic stress while other mothers are genetically inclined to changes to their gut 
microbiome. The first mothers may need an intervention to target their monoamines—
perhaps exercise—while the other mothers may need a dietary intervention that supports gut 
microbial health. 
As a starting point, the findings from the scoping review in chapter 4 can be used to 
inform which of these biological mechanisms to include in future research. Three articles 
from the review intentionally recruited low income samples. One of the articles measured 
salivary cortisol (Desantis et al., 2015), another measured hair cortisol (Ursache et al., 2017), 
and a third measured salivary cortisol as well as circulating levels of interleukin 6, 
interleukin 1beta, tumor necrosis factor alpha, interferon-gamma, and interleukin 10 using a 
blood draw (Corwin et al., 2013). Cortisol is a measure of the hypothalamic pituitary adrenal 
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axis and the indicators included in the study by Corwin et al (2013) are measures of the 
innate immune/inflammatory processes. While none of these studies targeting low income 
populations measured brain-derived neurotrophic factor (BDNF), it was rarely measured in 
any of studies in the review (just 1 out of all the included 82 studies); the possibility of 
measuring it in a minimally invasive way with a low income sample should not be ruled out 
and will be explored below.  
Salivary Cortisol 
The use of salivary cortisol offers benefits, but also carries challenges for use in 
future research with low income mothers. Salivary cortisol was the most frequently measured 
biological indicator across the studies included in the scoping review, which may reflect the 
ease of use for researchers, or at least an increased comfort within the research community. 
However, some factors frequently experienced by low income mothers may make salivary 
cortisol more difficult to collect reliably. For example, researchers recommend aligning 
saliva collection with the participant’s wake time (Kumari et al., 2011), but that may be 
difficult for mothers who are feeding their babies through the night or who are employed 
doing rotating shift work. A further issue is that sleep duration and quality can impact 
cortisol levels (Dedovic et al., 2010), and it is developmentally normal for young children to 
rouse during the first year of life (Goodlin-Jones, Burnham, Gaylor, & Anders, 2001) which 
may lead to poor sleep quality for the mother. Also, a confounding factor for measuring 
salivary cortisol is the amount of light at the time of waking (Souza-Talarico et al., 2009), 
and mothers may wake up at different times across measurement days just due to the nature 
of having a small child in the home.  
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Researchers have also raised logistical concerns about the participant measuring 
salivary cortisol in their home, which is the easiest location for collecting data with low 
income mothers. In order to accurately calculate cortisol levels, it is important to strictly 
adhere to collection timing, which may be difficult for participants and challenging for 
researchers to account for (Bay et al., 2009; Corwin et al., 2013; Flom et al., 2017; Juster et 
al., 2013; Michels et al., 2013; Ostiguy et al., 2011; Stalder et al., 2011; Tarullo et al., 2017). 
Researchers also cannot ensure that the participants adhered to the data collection procedures 
specified by the research team (Bay et al., 2005; Dedovic et al., 2010; Duan et al., 2013), and 
it may be even more challenging for mothers to complete the procedures accurately while 
attending to their children. 
Despite all of these challenges, there are also multiple ways to calculate cortisol 
levels from the salivary cortisol samples, depending on the timing and frequency of 
collection: cortisol awakening response, the diurnal slope, and the total cortisol released in a 
24-hour period; perhaps there would be a way to reliably measure the cortisol level in a low 
income mother while accounting for the challenges discussed above. Still, for any calculation 
of cortisol levels, it is recommended to collect salivary cortisol at least twice a day for 
multiple days (Segerstrom et al., 2014), which puts a large participant burden on the already 
stressed mothers. This may lead to a convenience sample of only mothers are willing to 
participate in such a burdensome study (Corwin et al., 2013). 
 A middle ground is to collect a more limited number of samples with multiple 
supports for the mothers and checks in place for the researchers. This was the approach taken 
by Corwin et al (2013) in their study of minority and low income pregnant women. At an 
initial home visit, a member of the research team trained the participant on the procedure for 
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collecting her saliva, which is well described in their paper, and the mother was instructed to 
collect her saliva at five time points over the course of an agreed upon day. Each mother was 
given a phone to receive calls from a research team member, who called the night before the 
samples were set to be collected in order to remind the mother. The research team member 
also called on the day of sampling, 5 minutes before each scheduled saliva collection. 
Additionally, the mother’s unused saliva swabs were kept in a bottle with a lid that recorded 
the time that the bottle was opened, allowing the researchers to verify that each sample of 
saliva was collected at the correct time. 
Hair Cortisol  
 Like salivary cortisol, the study that measured hair cortisol did so with a low income 
sample that included mothers, showing that this might be a feasible method for measuring 
cortisol levels (Ursache et al). Adult hair grows at an average rate of one inch per month, so 
the centimeter of hair closest to the scalp can provide a gross measure of levels of cortisol 
over the past month (Zhang, Chen, Chen, Xu, & Deng, 2017). This is a very different 
timescale than salivary cortisol, which is much more closely time-linked with acute stressors 
(Russell, Koren, Rieder, & Van Uum, 2012; Zhang et al., 2018), so a researcher would have 
to consider the appropriateness of the measure for the particular research question. For 
example, one could not use hair cortisol to investigate the immediate response to an acute 
stressor such as witnessing a violent attack.  
Some limitations for the method that were discussed in the scoping review might be 
particularly relevant for low income mothers, especially such as the finding that some 
participants did not want to have their hair cut or removed from braids or extensions (Ford et 
al., 2016; Yang et al., 2016). This may differentially exclude African American or Latina 
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mothers who sometimes wear extensions, known as weaves, which involve the sewing of 
bought human or artificial hair into their own hair that has been tightly braided into cornrows 
on their scalp. Also, some minority groups that the low income mothers identify with may 
have cultural reasons or cultural trauma to avoid hair cutting, especially in African American 
and Native American populations (Ford et al., 2016). Lastly, some mothers keep their hair 
short, which may make it difficult to collect the amount needed for the study protocol (Ford 
et al., 2016; Tarullo et al., 2017). 
Innate/Inflammatory Markers  
 Researchers have also used the minimally invasive method of an in-home blood draw 
with low income pregnant women in order to measure pro- and anti-inflammatory markers to 
illustrate changes to the innate immune/inflammatory system (Corwin et al., 2013). If a 
researcher is interested in inferring the impacts of chronic stress on this system, then careful 
attention would need to be paid to any recent acute stressors outside of the mother’s typical 
experience, as such events can alter levels of circulating inflammatory markers (O’Connor et 
al., 2009); it may be difficult to determine what does and does not count as an acute stressor 
for this population. For example, perceived racism contributes to chronic stress levels, but an 
individual incidence of receiving a racist remark when picking up a child from preschool 
might be an acute stressor.  
There are also a number of behaviors that can impact circulating inflammatory 
markers such as caffeine use, sleep deprivation, or current smoking to the point that 
researchers recommend excluding participants who engage in those behaviors (O’Connor et 
al., 2009); each of these behaviors would not be surprising in a sample of low income 
mothers and might limit the sample to a less meaningful subgroup. Mothers who are in the 
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perinatal period would also need to be assessed for pain as that can affect circulating 
inflammatory markers, making it difficult to correlate the marker levels with chronic stress 
levels (Graham et al., 2006). One suggestion is to use a larger sample size, decreasing the 
effects of known modifiers (e.g. acute stressors or sleep disturbance) as well as unknown 
modifiers (von Känel et al., 2006), but recruitment can already be a challenge in minority 
populations (Kennedy et al., 2010; Nicholson et al., 2015; Shavers-Hornaday et al., 1997). 
Neuroplasticity and BDNF 
Neuroplasticity is a term for the brain’s ability to respond to the environment through 
both molecular and structural changes (Doan, Manders, & Wang, 2015). In fact, one of the 
ways that the inflammatory markers discussed above may lead to some psychoneurological 
symptoms is by impacting neuroplasticity (Walker, Kavelaars, Heijnen, & Dantzer, 2013). 
Some of the peripheral cytokines are able to cross the blood-brain-barrier through active 
transport, and the peripheral inflammation also sends signals the brain via nerves, causes the 
brain’s microglia to produce more cytokines (Doan et al., 2015). The cytokines then produce 
changes in the nociceptors, pain receptors in the nervous system, and make them more 
sensitive (Walker et al., 2013).  
Although not yet explored in the psychoneurological symptoms literature, BDNF is 
another biological indicator related to neuroplasticity that links the symptoms of interest 
together. The psychoneurological symptoms include symptoms typically considered 
depressive symptoms (depressed mood, fatigue, sleep disturbance, cognitive dysfunction) as 
well as chronic pain; literature on depression and pain have implicated BDNF as a common 
link. The depression literature shows that there is a decrease in the expression of BDNF in 
areas of the brain that are known to be related to depression such as the hippocampus and the 
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prefrontal cortex and these same changes are also seen with stress (Duman, Aghajanian, 
Sanacora, & Krystal, 2016). Similarly, in studies of chronic pain, BDNF levels have been 
decreased in the hippocampus (Doan et al., 2015). There is also evidence that treatments that 
improve symptoms of depression lead to increases in BDNF, such as selective serotonin 
reuptake inhibitor (Molteni et al., 2009) and exercise (Dinoff, Herrmann, Swardfager, & 
Lanctôt, 2017). 
Measuring BDNF is recommended as one of the biological common data elements by 
the National Institute of Nursing Research (Page et al., 2018), but as seen in the scoping 
review, it has rarely been collected using minimally invasive methods. One option is to 
collect in serum samples (Trajkovska et al., 2007). Given that Corwin et al were able to 
collect serum samples from a sample of low income pregnant women, it would likely be 
feasible to collect serum samples to quantify BDNF, which is a more reliable method than 
salivary samples (Vrijen et al., 2017). Like cortisol, BDNF is released in a diurnal rhythm 
(Giese et al., 2014), so timing of measurement is important in sampling, meaning that many 
of the same concerns with salivary cortisol measurement in low income mothers could also 
be issues. 
Altered neuroplasticity via inflammation and BDNF levels could also account for the 
lack of correlation in our sample between maternal function and child outcomes. At such a 
young age, normal child development varies widely. A child who appears to be developing 
normally externally may not be developing normally internally, and more specifically, inside 
the brain. If the negative effects on neuroplasticity are significant enough during this period 
of early development, the child’s brain would form fewer neuronal branches, inhibiting the 
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possible amount of neuronal networks the child can develop in the long term (National 
Scientific Council on the Developing Child, 2014). 
Implications for Policy 
 
 Researchers play a critical role in shaping policy, as our findings give credence to 
societal issues we investigate (Carney, 2014; Woolston, 2016). If we can show the impact of 
situational stress on mothers and their children through a neutral scientific lens, as this 
dissertation has, then we can provide the data that policymakers need to make changes.  The 
findings in this dissertation have implications for any policy related to mothers and their 
children, including the more obvious welfare programs and access to health insurance, as 
well as more seemingly rmoved topics such as police conduct. Any policy for the mothers 
and children must also consider the intersectional factors of race or ethnicity or other 
minority status (Crenshaw, 2006).  
In 2014, over 25 percent of the total population of females of all ages in the United 
States (U.S.) were mothers between the ages of 15 and 50 (U.S. Census Bureau, 2017). 
While this number represents only women who have given birth to a child (U.S. Census 
Bureau, 2017), and thus does not accurately represent the full conceptualization of what 
constitutes motherhood, this estimation gives some indication of the prevalence of this role in 
the United States. Motherhood is inherently stressful due to high levels of responsibility, 
demands on time and energy, and conflicting expectations with other roles (Luthar & 
Ciciolla, 2016). For some mothers, this stress is compounded by intersectional impacts of 
factors such as race and socioeconomic status (Florian, 2018; Parke et al., 2004; Radey, 
2017). Given that higher levels of stress have been linked with significant physical and 
mental health problems (Kronenberg et al., 2017; Schneiderman et al., 2005; Wirtz & von 
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Känel, 2017), it is morally and fiscally responsible to promote policies that both relieve the 
situational stress experienced by mothers as well as provide health care to treat the illnesses 
born of stress. 
There is a complex history of policy support for mothers in the United States. In the 
1930s, Dorothea Lange captured the hearts of Americans through her photographic 
portrayal of motherhood during the Great Depression, as seen in her iconic photograph, 
“Migrant mother, Nipomo, California, found in the Appendix (Lange, 1936). This may 
have encouraged the public to accept the need for welfare support for mothers and their 
children, which was socially accepted (at least for white women) until the 1960s (Solinger, 
2002). In the 1960s and 1970s, this social acceptability began to degrade, with an increased 
conceptualization of mothers on welfare as “welfare queens” (Solinger, 2002, p. 413). In 
the 1980s, this backlash continued with the emphasis on “crack mothers” (Solinger, 2002, 
p. 413), and by the 1990s, mothers on welfare tended to be considered the undeserving 
poor (Glazer, 1994). This conceptualization led to welfare reform of the late 1990s, when 
the U.S. shifted to a work-first model. However, the jobs available to mothers tended to be 
low wage, unstable, and provided minimal benefits (Brown & Lichter, 2004). Further, 
mothers living in non-metropolitan areas had limited access to even those low-quality jobs  
(Brown & Lichter, 2004). This historical trajectory speaks to the politicization of 
motherhood, the evolution of the concept of maternal need in the U.S., and the willingness 
of society to provide support. The uncertainty inherent in the system leaves the mothers 
who rely on welfare under consistently increased financial stress even while they are 
receiving governmental support. This uncertainty may contribute to health disparities in 
stress-related symptomatology and stress-related illnesses. 
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Another policy implication is in access to high-quality medical insurance, which 
obviously affects maternal health. During pregnancy, many women in the U.S. are eligible 
for coverage through Medicaid (U.S. Centers for Medicare & Medicaid Services, n.d.). 
However, this does not cover all pregnant women, such as those who are undocumented 
immigrants, and the coverage itself varies from state to state. Additionally, the coverage 
ends shortly after the baby is delivered, leaving some mothers vulnerable to difficulties 
with access to quality medical care while recovering from a significant biological event, 
increasing their risk of experiencing health disparities. 
A final policy issue that contributes to the chronic stress of many mothers is the 
prevalence of fatal violence against black children, especially as perpetrated by the police. 
The dehumanization of black children in America, which has been part of the social 
conscience at least since Black children were forced into slavery (Goff, Jackson, Di Leone, 
Culotta, & DiTomasso, 2014), may contribute to the levels of violence. While clearly a 
topic of national interest, which thus affects mothers of all demographics, the violence 
disproportionately impacts Black mothers. Poetry captures the powerful voices of these 
mothers, such as this fragment from a poem in “Mourning in America: A Black Mother's 
Blues Song” by Karsonya Wise Whitehead (2016), who writes: 
we lay on the ground with our eyes closed 
holding our breath 
screaming as loud as we can 
that we. are. not. armed. 
(p. 2) 
 
For now, black mothers bear the burden of raising their children in a climate that appears 
unsafe and unpredictable, increasing their experience of parenting stress and contributing to 
their risk of health disparities. Relying on the health care system to treat the symptoms of 
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these mothers is not enough; policy needs to address the issues of police brutality in the 
United States. 
Implications for Future Research and Intervention Development 
 
Proof-of-concept 
As discussed in the synthesis section of this chapter, according to the NINR symptom 
science model, the next step is to test potential underlying biological mechanisms that link 
exposure to chronic stress with the development of the psychoneurological symptoms 
(Cashion & Grady, 2015). Before conducting burdensome primary research with a highly 
stressed sample of low income mothers, it would be prudent to conduct a secondary analysis 
of a dataset containing stress, psychoneurological symptoms, and biomarkers to establish 
proof-of-concept that there are associations among these factors in a disease agnostic sample. 
For practical reasons, the biomarkers would again be limited to whatever was included in the 
parent study. Ideally, the dataset would include at least salivary cortisol levels and 
inflammatory cytokines. These biomarkers would at least provide some information on the 
functioning of the HPA axis and the innate immune/inflammatory system.  
Salivary cortisol should be included despite the complicated relationship with stress. 
Evidence from a meta-analysis indicates that stress does have a predictable relationship of 
altering the cortisol response depending on the stressor (Miller et al., 2007). As described in 
chapter 4, exaggerated responses, shown by higher than expected levels of cortisol, are 
associated with stressors that are 1) more recent or chronic, 2) threatening (either physically 
or socially), 3) caused the individual to experience shame (which may be related to the social 
threat), and 4) could be controlled (Miller et al., 2007). Having a lower than expected level of 
cortisol, or a blunted response, is associated with past traumatic experiences: stressors that 
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occurred further in the past, are related to a loss, and could not be controlled (Miller et al., 
2007). Also, salivary cortisol is a recommended biological common data element for NINR 
research (Page et al., 2018), so even if the results are inconclusive, the research would 
contribute to the accumulation of data for future analyses. 
The relationship of stress with pro- and anti-inflammatory markers of the innate 
immune system is more predictable; as stress causes circulating cortisol to become 
dysregulated, individuals develop glucocorticoid resistance, leading to increased 
inflammation (Irwin & Cole, 2011). Animal and human studies have indicated this increased 
inflammation occurs with both acute stressors and long-term social stress (Irwin & Cole, 
2011).  
Feasibility Study 
Once proof-of-concept linking stress, biomarkers, and symptoms has been 
established, primary research should be conducted with a small sample of low income 
mothers to test the feasibility of components of the future pilot intervention. In developing 
the study, researchers should carefully consider 1) how the psychoneurological symptoms 
and biomarkers would be measured, 2) which additional symptoms should be investigated for 
theoretical reasons, and 3) whether the target population would accept the proposed 
intervention. 
Measuring the psychoneurological symptoms and biomarkers. One limitation of the 
current study was that it was restricted to the data available from parent studies, which did 
not include validated measures for each individual symptom. Future research should include 
such measures and it would be especially useful to include identified common data elements. 
These items should be tested for reliability during the feasibility study, and attention should 
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be paid to any validity issues that arise due to culture, or testing issues related to education 
level. 
One possibility would be to use items developed for PROMIS, the Patient-reported 
outcomes measurement information system, which include items selected based on their 
established validity and reliability (Reeve et al., 2016). Fatigue could be measured using 
the PROMIS Item Bank v1.0 – Fatigue. Cognitive function could be measured using 
the PROMIS Item Bank v2.0 – Cognitive Function, which has been which has been validated 
in ethnically diverse groups and has a demonstrated test-retest reliability (Fieo et al., 
2016).  Depressed mood could be measured using the National Institutes of Health (NIH) 
Toolbox Sadness Survey computer-adaptive test (CAT). Measures in the NIH Toolbox 
have also been validated against existing gold standards, assessed for test-retest reliability 
(Kupst et al., 2015), and differences in culture and language were considered during the 
initial development and evaluation (Victorson et al., 2013). The PROMIS Sleep 
Disturbance could be used to measure sleep disturbance in subjects and was constructed 
based on extensive reliability and validity testing of individual items. Previous psychometric 
testing suggests reliability and validity holds across males and females from ethnically 
diverse groups (Jensen et al., 2016). Finally, chronic pain could be measured in two 
dimensions, pain intensity and pain interference, using the measures of NIH Toolbox Pain 
Intensity CAT and NIH Toolbox Pain Interference CAT. Measuring intensity would 
circumvent the issue that single mothers report that they persist through pain or other 
symptoms to minimize the impact on function; these mothers report that they must do so 
because they are the only ones their children can rely on (L. Beeber, personal 
communication, February 25, 2019). 
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Prior research has already established the feasibility of collecting, processing and 
analyzing serum inflammatory markers and salivary cortisol from low income pregnant 
women in the community setting (Corwin et al., 2013). Thus, feasibility testing for the 
collection of these biomarkers would not need to be repeated unless there is reason to suspect 
a significant difference between the sample groups. 
Additional symptoms to explore. As previously discussed, the psychoneurological 
symptom cluster was initially identified in women with breast cancer (Kim et al., 2008) and 
fibromyalgia (Menzies et al., 2013). It is possible that there are other symptoms that also 
present with the cluster but have been previously missed. One way to determine which other 
symptoms to look for is to consider the proposed underlying biological mechanisms. 
Inflammatory cytokines are frequently associated with the symptom of anhedonia (Irwin & 
Cole, 2011). In a sample of sick women, anhedonia might be attributed to the illness or 
considered a side effect of harsh medical treatment. Another option is to consider 
theoretically associated symptoms; because so many of the psychoneurological symptoms 
overlap with depressive symptoms, researchers should also assess psychomotor retardation, 
which is a key identifying symptom of Major Depression (Bennabi, Vandel, Papaxanthis, 
Pozzo, & Haffen, 2013). Again, this is a symptom that might go unnoticed in a sample of 
sick women, especially if a milder symptom, but if it is present, it could have implications for 
intervention development. 
Acceptability of proposed intervention. The researcher would need to conduct focus 
groups with low income mothers of different backgrounds (i.e. racial and ethnic minorities, 
white women) in order to gain insight into the self-identified needs of the communities and 
determine the acceptability of possible interventions. As noted in chapter 1, there may be a 
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benefits in developing an intervention that is not obviously related to mental health such as 
avoiding the associated stigma. One possible intervention that would appear neutral would be 
community gardening. Community gardening could be completed in both urban and rural 
areas and would be a form of green care, an umbrella term for interventions that integrate 
natural elements that are biotic (animals, plants, or microbes) and abiotic (sunlight, 
temperature) to promote an individual’s health and well-being (Haubenhofer, Elings, 
Hassink, & Hine, 2010). Green care interventions are believed to be effective at promoting 
health through many key elements, including 1) increased social interaction with others, 2) 
physical activity and behavioral activation, and 3) self-efficacy through meaningful activities 
(Sempik, Hine, & Wilcox, 2010). Prior research has shown that community gardening can 
improve self-reported feelings of safety across a variety of populations (Eriksson, 
Westerberg, & Jonsson, 2011; Wakefield, Yeudall, Taron, Reynolds, & Skinner, 2007).  
However, gardening is an experience with which not everyone is comfortable; 
anecdotally, some African Americans reject growing food due to the historical trauma of 
slavery and share-cropping (Bello, 2013; NPR, 2016). This may be especially relevant to the 
target population, as previous studies of low income mothers have had up to 61% of 
participating women reporting their race as Black/African American (Beeber et al., 2013). 
Mothers from other ethnicities may have their own positive or negative connotations with 
gardening, and other variables (such as rural vs. urban dwelling) may influence opinions on 
gardening. Still, there is research to suggest that a gardening intervention would be 
acceptable, as one large study of women and children in domestic violence shelters, a related 
population, found that community garden experiences were well-received and increased 
feelings of empowerment and adjustment to stress (Stuart, 2005). These focus groups could 
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also investigate the best ways to nest an intervention into the community setting; it may be 
that Early Head Start centers provide a familiar and central location for the mothers, or 
another community setting may be more appropriate. 
Intervention Development 
Why might community gardening be a useful component to add to an intervention? 
By providing the mother with signals of safety from her environment. 
We will not be able to develop an intervention for low income mothers that removes 
their chronic stressors, but we may be able to alter the mothers’ experience of the stressors 
and prevent the development or worsening of psychoneurological symptoms through the 
development of a community-nested symptom and stress management intervention. The 
Theory of Stress and Coping suggests that the experience of stress can be improved by 
increasing the range of coping skills available to the individual (Lazarus, 1999). However, 
skills-based interventions have not been highly efficacious in the past with mothers who have 
low income (Appleby et al., 1997; Beeber & Miles, 2003; Forman et al., 2007; Miranda et 
al., 2006).  
This lack of efficacy may be because something is preventing the mothers from 
receiving the information in skills-based component; this barrier would need to be removed 
before the mother could receive the skills-based information. Inflammation, represented by 
inflammatory markers, increases neural sensitivity to safety cues (Eisenberger, Moieni, 
Inagaki, Muscatell, & Irwin, 2017). Thus, a promising direction for intervention research lies 
in targeting a participant’s neuroception, or the neural perception of safety (Porges, 2004). 
According to the Generalized Unsafety Theory of Stress, the chronic stress can cause a 
person to develop a feeling of unsafety which is then improperly applied to other 
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environments (Brosschot, Verkuil, & Thayer, 2016). Through green care, perhaps the mother 
would receive neurological cues that she is safe in order to decrease her biological stress 
response (inflammation) so that she can more fully engage with the skills-based component 
of the intervention. Other behavioral interventions such as meditation have found 
improvements to levels of circulating inflammatory markers in as few as 6 weeks (Irwin & 
Cole, 2011). 
Implications for Practice 
 
Until we have evidence-based interventions targeting neuroception, there are some 
actions providers can take to increase maternal feelings of safety (Salomon & Beeber, 2017). 
In fact, many of them are actions that are fundamental to establishing a therapeutic 
relationship with patients (Peplau, 1952). For example, when we encounter a patient, we 
typically provide orienting information such as introducing ourselves and our role and 
identifying what services can be used. We clearly communicate what we understand to be the 
patient’s problem and what help will be provided, interpreting and responding to the verbal 
and non-verbal cues that the patient provides. We carefully use our own selves as tools to 
communicate safety through our physical position in relation to the patient, our use of touch, 
and our intentional moments of self-disclosure. These are not new suggestions, as they are 
cornerstones of nursing, but perhaps the knowledge that there are neurological implications 
for these behaviors will provide encouragement to providers to continue to use them. 
Conclusions 
This dissertation provides evidence to show that psychoneurological symptoms are 
present in low income mothers and that the symptoms are associated with their chronic 
stress. Presenting these symptoms as stress-related rather than using the term depressive may 
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help to avoid the stigma of mental illness. This conceptualization also allows for the 
additional symptom of chronic pain which was endorsed by over 50% of the mothers in this 
sample. Next steps include investigating the role of evidence-based biomarkers in order to 
develop more effective interventions that are specifically designed to target underlying 
biological mechanisms. With every minute that goes by without the development of these 
more effective interventions, the dually vulnerable population of mothers and their children 
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